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The groundwork of this book formed the matter of an article 
for tke Cyclopaedia of the late Dr. Nichol, Professor of Astro- 
nomj in the Uniyeisity of Glasgow^ who in that work on the 
Physical Sdences, under the head Ventilation," (p. 830), 
in the Appendix, has the following complimentarj para- 
graph : — 

" At the close of " Heating op Buildings/' p. 385, reference is 
made to a sequel to it which we had assigned to the heading- " Ven- 
tilation." An admirable practical essay on this most interesting 
subject has just reached us from Mr. R. Kitchie, Hivil Engineer, 
Edinburgh, Assoc. Inst. C. E. L. (the author of article on Keatimo), 
which we should most gladly haye printed in addition to the 
general notice in the text, had space and the press of time per- 
mitted. It contains so fdU and sdentifio an analysis and criticism 
of all that has heen done and proposed on this most essential sob- 
ject, that we cannot pass the opportunity of expressing the hope 
that Mr. Ritchie mil extend it and publish it as a substauLive 
work. Mr. Ritchie has already obtained many distinctions from 
learned societies on account of his labours in this very important 
field." 

Induced by thb recommendation, the original paper has 
been expanded into the present wark, in which is comprised 
within a moderate space not only a synopsis of the Tarions 

planB; systems, and adaptations proposed for eating Venti- 
lation^ but also as much theoretical, scientific, and practical 
information as will eiial)l( those interested to form an opinion 
on the science and ai t of ventilation, and to distinguish be- 
tween correct and false principles, which latter have led to 
many of the Tarious forms of ventilators now in nse. In 
order that this information may be obtained, many of the plans 
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and contrivanoes whicli have be^ proposed and adopted in 
past and present times to eflect ventilation both by natural or 

self-acting and by artificial means, are brought under review, 
80 that a clear conception may be formed uf tlieir advan- 
tages and disadvantages when required to effect a definite 
result 

For simplicity and distinctness tiie wcndk has been divided 
into five Chapters* The first chapter is devoted to the con- 
sideration of ventilation in its chemical and physiological 

relations ; in the second, natural of spontaneous ventilation 
id treated of ; and in tlie third, fourth, and fifth chapters, 
forced ventilation, and a number of the artificial and mecha- 
nical agents employed to eScck this, aie described. In the 
works of others on ventilation where a systematic arrange- 
ment is made, it has been the buildings or other places which 
have been so described ; but in this, the different agents or 
instnnncnts to effect ventibition have been classified, whilst 
a description of the buildings &c. has not been overlooked. 
The subjects treated of are ilinstrated by numerous plates 
and woodcuts ; and ioi convenience, a Summary of the whole 
treatise is subjoined. 

In treating a subject on which so much diversity of opinion 
exists, not only in theory but in practice, it has been the 
desiroof tlie author, while giving his own views and opinions, 
that the works and labours of others should not be over- 
looked. 

The importance of ventilation was prominently brought 
under public notice in 183d, by the appointment of a Sdeot 
Committee of the House of Commons, and the valuable 

evidence on ventilation and acoustics then taken was 
pubiisln 1 tor the benefit of the public, in the form of a 
Parliamentaiy Report. A stimulus was thus given to the 
investigation of the subject^ which subsequent Parliamentary 
Reports, and Reports firom the Board of Health, have kept 
up ; so that general attention has been turned to the con- 
sideration of the ventilation of public buildings, dwelling- 
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houMS^ mamifiictoiieB, mines, ahipB, &e. While mack hM 
been done in leoent years, there is still mncli left undone ; 

and until ventilation and oihtjr sanitary measures are more 
intimately combined, and a systematic process of ventilation 
applied to all classes of buildings, the science is still in- 
complete. For it lias been tmly obaemredi that yitiataon 
of the atmosphere fiom oTercrowding, and the absence of 
proper Tentilation in indiyidnal apartments, prodnoes in the 
rural districts the same diseases that arise from the same 
causes in a tcwn population.'** 

In a subject so extensive, and with which the names o( so 
many inventors are associated, it has been endeavomred to 
treat it impartiallj and to do justice to alL Amongst the 
earliest who bronght science to bear on Tentilation in this 
conntry'waa the late Thomas Tredgold, G. E. Since his 
time no one has done more to advance this subject, or give 
it the importance it deserves, tiian Dr. D. B. Reid, whose 
thorough chemical knowledge has been brought to bear upon 
practical ventilation with mnch advantage to the public. 
Nor must the labonis of the late Dr. Birkheck be overlooked , 
nor those of Professors Brande and Fairaday, Mr. Chadwick, 
Mr. Gurney, and others, nor the assidmty with which Dr. 
Araott has for years brought forward inventions for the 
public benefit. 

This Treatise, being the work of one who is practically 
engaged in the execation of various plans ibr ventilation, 
will, it is hoped, be esteemed the more deserving of public 
attention, as being based not upon theory alone, but on piac- 

ticAl experience. 

16 Mill Street^ Edinburgh^ 
June 1862. 



* From Report by " Health of Towns OommiMian.*' 



£EBATA. 

Page 23, first line from top, /or acid read air. ^ 

• 75, foot note, for patient read patent, and 

for A. W. read A. M. 

• 92, bottom line, /or 31 read 51. 

• 93, second line from top, /or 00 read 51. 

» XOBffor fig. 14 read 15, and for fig. 15 read 16. 
« lao, thiid fine ftom hotbmffor 1655 read 1665. 
» 154, first line, /or 1859 read 1854. 
» 188, Heading of Chap. Y., f<)r othbe read omraBiiiT. 
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CHAPTER L 

YBNTILATION AS REOABDS SALUBBITT. 



Ventilation and salubrity are so conjoined, that it 
is impossible to consider the one without keeping 
the other in view. The necessity of pure air for 
health in cities, in public buildings, hospitals, 
prisons, dwelling-houses, mines, Stories, work- 
shops, and in the more humble abodes of artizans, 
must be apparent to every one interested in the 
cause of science and human progress, hence the 
importance of ventilation in a sanitary point of 
view, which of late years has had public attention 
directed towards it, from the General Board of 
Health — ^from the Eegistrar-General's, and various 
Sanitary, Statistical, and Parliamentary Reports. 
The importance of the subject as regards health 
can hardly be over-estimated. 

The word ventilation, in so common use, is 
derived from the Latin word ventSoj to ventilate, or 
to blow, fan, or winnow ; and in its most ordinary 
signification implies movement of air with reference 
to the removal of impure atmosphere. 

I ho subject may be divided into two heads — 
External and Internal Ventilation — the latter is the 
sense in . which the word is generally undmtood, 
and in which it is to be used in this l^eatise. Yen- 

B 
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2 TEKTILATION AS REGAKUS SALUBBITY. 

tilation thus applied, means the act of providing, in 
anj confined area, or in places where the air has 
been vitiated from yarions causes, an adequate supply 

of pure air lor the renovation or renewal of the inte- 
rior or confined air — or ventilation may be termed 
the art of removing impure and supplying pure air. 

Ih natural ventilation, the principle by which the 
mobility of the air arises, is from the fact, that cold 
air is heavier than warm air, bulk lor bulk — the 
conducting property of the air is slow, and thus the 
cold has the tendency to sink downwards, passing 
through and displacing the warm and lighter air, 
which is forced upwards* Thus a constant change 
•or movement of the air goes on by natural laws 
promoting salubrity. The etfect of the solar rays is 
to cause rarefaction of the air, produce winds, and 
the great movement of the atmosphere from the 
poles to the equator. The motion of the air is also 
accelerated by the difference of temperature between 
day and night— the different degrees of heat radiating 
from the earth's sudace, and the effect of heat and 
cold varying with the earth's annual motion round 
the sun. 

It must be obvious, therefore, as regards health, 
that no obstruction should be made by man to 
retard the operation of the natural laws of ventila- 
tion, bj which evety locality where he is domiciled 
is more or less benefited. 

The same principle of mobility which regulates 
the movement of the external air, regulates the 
renovation of the interior air of buildings. A slow 
movement of the air may be effected, or a current 
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maj be produced, so as to replace, with fresh air, 
the atmosphere which has become vitiated in dose 
places. To indnce this ctirrent without its being 
offensive, is the object of ventilation, and this is 
sometimes produced by artificial methods, but mo^re 
frequently it is attempted by natural means. The 
certainty of the rate of velocity of the current to be 
maintained, is the point which will lead to the 
adoption of the agent to be employed to produce 
the motion. Thus in mmes, where a uniform and 
constant velocity of the air is requisite — the air 
generally moving at the rate of 3 to 4 feet per 
second, and where from 15 to 20 cubic feet per 
Tninutc arc required for eacli man employed — an 
artificial agency to produce this current is of vital 
importance. But to obtain a renovation of the air 
in places where the vitialion is inconsiderable, by 
taking advantage of the principle of motion in the 
particles of air, and its slow conducting properties, 
ftom which the cx>lder and heavier falls through 
the warmer and lighter air, and forces it upwards, 
there may to a certain extent be produced in houses 
what is termed spontaneous or self-acting ventila*- 
tion ; for a slight alteration in the specific gravity 
of the air produces motion of its particles. The 
density of gaseous bodies is inversely, as their ex- 
pansion by heat, and by taking advantage of and 
keeping in view this principle, a movement or cur- 
rent of air is obtained. But as the air is a fluid 
pressing in all directions, and is easily affected by 
various causes, in close, still, and gloomy weather, 
the efflux of the interior impure air to produce effec- 
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tive ventilation is hardly attainable. AlaOf in 
crowded apartments and close places, natural venti- 
lation is not sufficient to effect the object desired. 
Artificial means, therefore, become requisite, to ob- 
tain a thorough renovation of the air. 

The inconvenience which arises in crowded 
rooms from ventilating by means of open windows, 
and air inlets, whether at the ceilings or at the sides 
of the roomSy is known to every one; hence people, 
rather than run the risk of getting colds, from being 
exposed in winter to chiii oiffensive currents, will 
submit to breathe the impure air of the room. The 
inlet of fresh air into rooms thus becomes a matter 
of essential consideration in the science of ventila- 
tion, and is perhaps one of the most difficult pro- 
blems, upon the proper solution of which comfort is 
dependent. But much can be done by mechanical 
contrivances to remove vitiated air in close places. 
Sanitary regulations ought therefore to insist upon 
its constant renovation. Numerous contrivances, of 
different degrees of utility, afford in a great measure 
the means of doing so. Still, no plan can be deemed 
properly adapted to attain the object, which does 
not also provide for the supply of fresh as well as 
for the extraction of vitiated air, and which does 
not also keep in view the hygrometrical condition 
of the air when ventilation is required. Whatever 
may be the agent employed to venlilate a building, 
there should be at least no risk attending its use, 
and care should be taken that a greater evil may 
not be produced than that which is sought to be 
removed. 
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PROPERTIES OF ATMOSPHERIC AIR. 

In order to liave a tme estimate of the real 

importance which attaches to the science or art of 
ventilation, it may be proper, even though perhaps 
it may be deemed superfluous, to state a few faets 
coimected with the properties of the atmospherie 
air, by a knowledge of and attention to which, much 
may be done to obtain the desired object. Thus 
the law by which the expansion of air and other 
gases by heat is regulated becomes important — 
namdy, that they dilate or expand, whether in 
motion or at rest, nearly uniformly as the tem- 
perature is increased. By the estimate of Gay 
Lussac and others, 1000 cubic inches of air at 32^ 
of Fahraoheit's thermometer, when raised to 212** 
F., is increased in bulk to 1375 cubic inches. The 
increase of temperature between 32* and 212** is 
180^, and the increase in volume is 375 parts in 
1000, or f of the whole bulk ; and as the expan- 
sion is uniform, the increase of volume for V F. 
will be found by dividing 10 thnCs 375 (or 3750) 
by 180, which will give an increase of 20| parts in 
, 10,000 or 'OOSOS parts in 1000; ihe decimal 
•00208 being found by dividing 20* by 10,000. 
Thus may be calculated, by the expansion of the 
air, the force of the current ; and hence it follows 
that the ascent of the heated air in a conduit de- 
pends upon its diminution of specihc gravity. 

Montgolfier was the first who proposed a rule 
with regard to two columns of air of equal heights, 
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ASCENSIONAL FORCE OR CURRENT. 



the one heated, and the other of the external aii-, 
namely — 

Let A B represent a shaft or pit which the air is 
gpi to descend; 0 D the upcast shaft, 

in which the air is to ascend ; and 
F a furnace near the bottom of the 
shaft 0 D. The effect of the for* 
nace is the difference — making 
allowance for the smoke, ^th. part 
^ — ^between the densities of the two 
^ ^ ^ columns A B and C B. Let D E 

be the increase of height of the column of air C D 
hj the rarefaction of the furnace, the velocity, or 
force of the current produced by such rare£a«tiony 
will be equal to that which a body would acquire 
in falling through the space E D. 

By the law of accelerating forces, bodies descend^ 
ing from a height, by the force of gravity, through 
the air, fall about 16 feet in the first second of 
time ; 3 times that distance in the second, or 3 x 16 
» 48 feet ; 5 times 16 ss 80 feet in the third second ; 
•7 times 16 = 112 feet in the fourtli second; 9 times 
16 = 144 feet in the fifth second \ and in 5 seconds 
400 feet — ^thus regularly increasing according to the 
number of seconds during which the body has been 
falling. The rule to ascertain the number of feet 
which a body falls in a ^ven time, is to square the 
time, and multiply the square by 16 (the number 
of feet fallen in the first second), and this will give 
the total number of feet. Thus in 6 seconds, 5* or 
25 X 16 = 400 feet. 

An example may be given of Montgolfier*s rule 
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to ascertain the force of the ascensional current in a 
chimney. If the decimal '00208 represents the ex- 
pansion of air by l*" of F., multiply it by the nnm- 
ber of de^ees to wWch the temperature is raised, 
and this product again by the height of the ohinmey. 
Thu8y £or instance, if the height of a chimney or 
column of air be 100 feet, and the temperature has 
been raised to 40° F., multiply the 40" by tlie deci- 
mal -00208, and again by 100, the height of the 
chimney^ which will give 8*32. feet ; or 108*32 feet 
within will balance 100 feet of cold air without, 
and the velocity of the efflux of the heated column, 
when pressed by the greater weight of the cold 
column, will be 8 8*32 ^ 23*075 feet per second. 

These rules become useful when practically 
bringing the aotiou of currents to bear within the 
range of science. Thus, as the rarefaction and 
height are increased, the ascensional force or up- 
ward movement is accelerated. This is an impor- 
tant element when directing the agency of heat to 
the expulsion of impure air. 

Although it is therefore established by experi- 
ment, that the higher a chimney and the hotter the 
fire the more rapid is the upward current, or what 
is termed the draught, still it is important that at 
the point of efflux of the air from the clilmney, it 
should have sufficient increase of temperatuie to 
pass freely into the atmosphere. It may be aided 
in its exit from lateral pressure, or deflection of the 
wind by means of turacaps. As the air is cooled 
in the chinmey in the ratio of its distance from the 
fire, the strength of the fire must be proportioned to 
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the height and area of the flue, otherwise a very 
high chimnej might be less effective than one of 
fi moderate height, because the hot air asc^ding a 
certain distance might be cooled down, and the 
eolumn within become nearly oi the same weight as 
an equal column outside; the effect of vrhich would 
be that there would be little or no upward movement. 
It, however, may be taken as a principle fully esta- 
blished, that the ascensional force of the corxent 
is the difference between the weight of the column 
of air heated within a climiiiey, shaft, tlae, stalk, or 
funnel, and a column of the surrounding atmosphere 
of equal height and base ; and hence it follows that 
adding to the horisontal length of a chimney or flue 
. will not increase, but rather diminish the current 
by cooling the air before it xeacbes the point of 
efflux. With a knowledge of these simple &cts, 
^vit\i how much greater interest will the bine smoke 
be observed rising, when calm, from the chimney 
tops at different heights and at different rates of 
velocity, and curling upwards into the pure atmo- 
sphere above, wiiiist the movement goes on by the 
established law — ^namely, that of the respective 
weights of warm and cold air. But when keeping 
this law in view, great allowance must be made for 
Miction, bends, the force of the wind, and other 
impeding causes in flues, before the ascensional 
force can be duly estimated. To increase the 
draught without loss of heat and waste of fuel is an 
important consideration^ This may be attained by 
making all the air in the chimney or flue pass 
through or near the buraing fuel. Supposing the 
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chimney used for carrying off the vitiated air from 
an apartment, it will be apparent that the higher 
the temperature at which the air entm, and can be 
maintained in the ventilating shaft, the greater will 
be the extractive power. 

By attention to these general prmciples npon 
which the motion of the air is carried on, the utility 
or inutility of many of the schemes proposed for 
ventilation will more easily be judged, 

COMPOSITION OF ATMOBPHEBIC AIR. 

Another important point for the due under* 
standing of this subject is the consideration of the 

properties of pure air, and their effects upon the 
human frame. Chemistry and natural philosophy 
have thrown much light upon sanitary laws. The 
knowledge of the constituent properties of atmo- 
spheric air and its iniiuence upon man, and all 
organic matter, by improved means of education, is 
now no longer confined to the man of science, but 
has become general. An old writer well remarks, 
that as every thing that is proper lor recruiting 
the decay of the solid or fiuid parts of our bodies 
deserves the name of food, the air ought to be looked 
upon as real food, and that which is most necessary 
for us." Air, therefore, behoig justly considered in 
the same light as food, its purity becomes essential 
to tlit^ liealth of nil aniiiuili ; and as respects ventila- 
tion, the amount of supply and the constant renewal 
of it in domestic dwellings, etc., must be regarded as 
a primary point for the preservation of bodily health. 
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COMPOSITION OF ATMOSPHEEIC AIR. 



It may be useful to keep in recollection a few 
points connected with that inyiaible compoimd fluid, 
ihe atmoBpheric idr which Burroiinds tts. This fluid 
has a general pressure (subject to slight variations 
as indicated by the barometer) equal to 15 lb weight 
on the square inch at the level of the sea. It is 
composed of oxygen, nitrogen, and a small portion 
of carbonic acid and carbonic oxide gases, and a 
portion of vapour of water. There are in every 
himdred volumes of atmospheric air, 21 volumes of 
oxygen and 79 of nitrogen, or in every hundred 
parts, estimated by weight, 23 of oxygen and 77 of 
nitrogen. The carbonic acid gas in the atmosphere 
is usually taken at one part in a thousand. But as 
the result of a series of experiments, it may be 
assumed that normal air contains four parts of car- 
bonic acid in 10,000 parts by volume. In thickly 
populated towns, where the products of combus- 
tion are evolved in proportionally large quantities, 
the per centage of carbonic acid is in general laj^^er 
than in the open country.* Near the sur&ce of ihe 
earth the proportion of it is greater in summer than 
in winter, and during the night than during the day ; 
also it is greater in elevated situations than in plains. 
Dalton flrst pointed out the reason of the equable 
mixture of the ^ases in the atmosphere, and why 
they remain fixed j the principle is, that the particles 
of elastic fluids are not mutually elastic to each 
other. 

It is important, as regards ventilation, to keep 
in view the relative speciflc gravities of these fluids ; 

♦ Par. Rep. 1857. 
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— oxygen gas is about 750 times lighter tlian water, 
and is rather heavier than atmospheric air ; its 
specific gravily being 1*106, that of air being 1*000. 
Nitrogen gas, fonnerlj called azote, has a specific 
gravity of '972, and is thus lighter than atmospheric 
air* It destroys animal life— no animal can live in 
it alone. Neither can oxygen alone support life. 

It is a icmaikablc tact, deduced fruni careful 
experiments, that the proportions of these gases in 
the atmosphere are always nearly ihe same, or aboat 
1 to 4, whether at the level of the sea or upon the 
tops of the highest mountains, and in every parallel 
of latitude and longitude. Carbonic acid gas has a 
spedfio gravity of 1-524, air bdng 1000. It formB, 

we see, but a small portion of tlic atmospheric air in 
a state of purity : but it destroys animal life ; for an 
animal immersed in it speedily dies. Its banefol 
infln^ce requires to be constantly guarded against 
in domestic dwellings. It is rapidly formed by the 
respiration of animals, and is CTolved in greater 
quantities in exertion than repose — a man may be 
held when sleeping to give off one-third less than 
when waking. It is necessarily produced in the 
process of combustion.* It will not support flame 
— it is easily detected by tests — it readily combines 
with alkalis, forming salts, called carbonates—it is 
rapidly absorbed by water—at a mean temperature 
it absorbs its own volume. By adding carbonic 
acid to lime water, carbonate of lime is formed. 
And, by exposing pure lime, or barytic, water to 
the air, in ihe interior or exterior atmosphere, th^ 

* Par. Rep. 1857. 
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presence of carbonic acid is quickly detected ; it 
first produces milkinesSf and when in excess solid 
matter is deposited. 

The baneful influence of this gas upon the htiman 
frame is very great, and probably some persons are 
more suseeptible of its action than others. Dr. 
Carpenter states, that when oarhonic acid -^as is 
increased from the usual proportions of it always in 
the atmosphere, its injurious effects begin to he felt 
by man in headachy languor, and general oppression. 
It prevents the due excretion by tlie lungs, and it 
exercises a very depressing intluence on the action 
of the various organs of the bodj^ particularly the 
nerv^ous system. 

As already stated, carbonic acid and carbonic 
oxide act as poisons upon the animal organism. 
Both produce asphyxia when inhaled in k.^ quan- 
titles; but the amount of carbonic oxide which 
renders an atmosphere uuht for the support of life, 
is much smaller than is the case with carbonic acid. 
Air containing one per cent of carbonic oxide is 
immediately fatal to animal life, whilst with a per 
centage of from four to live parts of carbonic acid, 
respiration can be continued though with difficulty, 
and life can be supported for a few moments in an 
atmosphere containing 30 per cent of this gas (Le 
Blanc). From the different accounts stated by seyeral 
authorities, it is difficult to come to any definite con- 
clusion. It is, however, generally admitted that 
air containing more than one per cent of carbonic 
acid is injurious, and that air containing half a per 
cent is hurtful if breathed for any length of time. 
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Numerous authorities assert that a far greater dilu- 
tion of the carbonic acid is necessary to presenre 
health (Le Blanc and Peel^t). Carbonic oxide is 
produced by the imperfect combustion of carbon ; 
hence an increased quantity of this gas is found in 
fuel, with an insnfficient supply of oxygen. Car- 
bonic acid, on the other hand, when arising from 
ignition, is produced by more complete combustion 
of carbon.* 

NATUBB OF BBSPISATION. 

It has been considered, that the process of respi- 
ration is in many respects not unlike that of com- 
bustion. The food supplies the carbon, and the 
oxygen is derived from the air by the act of breath- 
ing, while the products are the same as in combns* 
tion. Bousslngault t rmarks, that the carbon and 
hydrogen of the food disappear, and give rise, by 
combination with the oxygen of the air, to carbonic 
acid and water, precisely as if they had been burned* 
Dr. Carpenter, Professor Liebig, § and others, 
assume that the carbon and hydrogen of the system 
combine with the oxygen taken in ^m the air in 
the act of respiration, and serve to produce animal 
beat by a process resembling ordinary combustion. 
In this process, from 10 to 12 per cent of the oxygen 
in the air combiQe with the carbon in the blood, and 
produce carbonic acid gas^ which, with the nitrogen, 
is expelled from the lungs at every expiration. On 

* Par. Kep. 1857. 

t Btrral Economy, by J. B. Boiissingault. 

t Auimal Physiology. § Animal Chemistry. 
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this theorj Dr. Carpenter remarks, that the iuiereuce 
TuutToidable from experiments, diat the y enoius 
Mood, passing through the lungs, gives off carbomo 
acid and takes in oxygen ; or, in other words, the 
carbonic acid is set free daring the act of respiration, 
and the oxygen is absorbed. 

According to a scries of experiments, the voluine 
of air expired by an average-sized adult man in an 
ordinary breath may be held to be 30*51 cubic 
inches (Vierordt), the number of respirations 16 per 
minute, which gives 480 cuLic inches expired per 
minute, and the quantity of carbonic acid contained 
in the expired air 4*6 per cent Hence, the volume 
of carbonic acid expired per hour would amount to 
1*348 cubic inches. This quantity is somewhat 
larger than that found by Scharling, but the mean, 
1*208 cubic inches, may be taken as the highest 
average of the amount of carbonic acid expired by 
an adult man per hour.* Some estimate a cubic 
foot, which contains 1728 cubic inches, as the quan- 
tity of air vitiated per mimitc, and tliat 10 cubic feet 
per minute are not more than are necessary to pre- 
serve the air in a wholesome condition. Vierordt 
gives as the minimum quantity of air a man 
should receive per minute, 2 J cubic feet. Dr. 
Eeid advises 10 cubic feet of air per minute. 
Dr. Amott considers 20 cubic feet necessary. 
The Par. Rep. 1857, states, that to diminish the 
carbonic acid to a satisfactory minimum limit, 
probably 20 cubic feet per minute per man is neces- 
sary, to remove completely the organic putrescent 

♦ Par. Rep. 1857. 
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matter, at least in the case of soldiers' sleeping- 
rooma. The putresoent matter axising from the 
animal frame becomes particularly obnoxious when 
cleanliness of person and clothing" is neglected, or 
from delicient snnitary arrangements. 

Liebig* calculates that ^^an adult man, taking 
moderate exercise, consumes ISr^oz, of carbon in 
twenty-four hours, which escape through the skin 
and lungs as carbonic acid gas," For conversion 
into carbonic acid gas 13^*^^ oz. of carbon requires 
37 oz. of oxysfen." Haller estimates the daily loss 
of weight from the skin and lungs, from 30 ounces in 
the colder cUmates of Europe to 60 ounces in the 
warmer. Lavoisier and Seguin found the human 
body gives off 1575 grains, or 104 cubic feet per 
hour by the excretory functions of the skin. Aci- 
cording to the expenm^ts of Vierordt, the quantity 
of water exhaled by a man per hour is about 309 
grains* Dr. Carpenter states, that the air which 
has passed through the lungs contains 1*26 part of 
carbonic acid ; and lihus about 17*856 inches (or 
rather more than 10 cubic feet), containing 2616 
grains, or about 5^ oz. of solid carbon, are thrown 
off in twenly-four hours.'' < 

EFFECTS OF IMFUBE AIB ON HEALTH. 

The air, from the act of respiration, having be- 
come deteriorated, before it can be again breathed, 
must be freely diluted with pure air ; and it is certain, 

* Animal Oliemutiy, 18 ; and also OhemiBbry, p. 13 ; by 
Ptofeaor Baron liiebig^. 
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taking even the lowest estimate of the air expired 
from the lungs in the aeiatiou of the blood, when 
Beyeral peroons are assembled in a close place the 
air soon becomes impure, and unless the aerial 
poison be removed as it is generated, whatever 
impurities the air contains will be respired and 
absorbed by lihe blood; and not. only that, but the 
effete matters are thereby retained. Liebig calcu- 
lates,* that an adult man receives into his system 
daily 32^ oz. (or 46'037 cubic inches) of oxygen, and 
that the wt iglit of the whole mass of his blood, of 
which 80 per cent is water, is 24 lbs." Thus the air 
inhaled, in proportion to its impurity, may become 
a slow or rapid poison ; and the veiy aliment which 
sustains the body will contribute, in close places, to 
the atmospheric vitiation. 

As the entire blood of the body, which is gene- 
rally estimated about 30 lbs in weight in a maji, 
passes every three minutes through the air cells of 
the lungs, consisting of an area of several hundred 
feet, to be purified by decarbonization in the process 
of its arterialization, tlie effect of long inhaling im^ 
pure air should be apparent. It is no wonder, there- 
fore, that breathing vitiated air becomes manifested 
upon the human frame. In many employments, 
where persons are subjected to a close impure atmo- 
sphere, its tendency is to bring on premature old 
iige, by gradually undermining the constitutions- 
it injures the digestive orgauri and depresses the 

* Animftl Chemistiy, p. 12 ; there appean to be a dkcrepanoy 
in quanlitieB 1)7 different aathorltieB. 
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mental faculties ; and, by enfeebling the frumei it 
disposes to ooDaamptioo «ad oiher diaeaaea. 

The great mortality ariBuig from diseaaes of the 
respiratory orgaiis directs attention to kow fer these 
may be influenced by impure air. Not that cock" 
Bumptioii iB produced by it alone, bat predi«poaitioD 
to tibtat diBeaae, in common with all forms of tnbeiv 
cular affections, is excited by this, amon^rst other 
depressing agencies. According to the iieport of 
the BegistraiuGfeneral of £ng^ndf 1858, out of the 
mortality in England and Wales, in 1866, of 890,506 
persons, 48,970 died of consumption. In the letter 
to the B€^trar*General on the causes of death, by 
William Farr, Esq., H.I>., it is stated, that 

cuu^uDiption is more fatal to women than to men. 
By this destructive disease, 23,016 males, and 
^£^,964 females died; many of the thousands of 
deaths may be ascribed, amongst other causes, "to the 
indoor life of women."* The rate of mortality from 
this &tal disease does not ao^ to yaiy yeiy mnch.t 
In 1849 the deaihs from phtiusis vere 50,209 ; 185d, 
54,918; 1855, 52,290. To this there falls to be 
added the deaths resulting &om other diseases of 
the respiratory organs, whieh amounted, in 1856, to 
52,908, including 21,528 by faronohitis, and 22,655 
by pneumonia. These results show how much care 
is roqoind to guard the reapiratoiy oigaos from 
disease; and as air is the pabolnm of life, they 
instruct, that too much importaiKe cannot be be- 
stowed to inhaling it at all times in purity. From 
the Report of the Begistrar^eneral of Scotland for 

* Bepwt p. 195. i letli B«p., p. 1B4. 
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1858, tlie deaths in eight principal towns amounted 
to 23,420; 307dof which were caused hj consumption. 

The escape of ihe carbonic add gas from the 
lungs, is one of those beautiful contrivances of 
nature, appertaining to man and animals, by which 
the design of the Author of creation is brought home 
to the mind of every thinking and intelligent being, 
showing how life is momentarily preserved. Tt has 
h&ea shown that the carbonic acid gas expired from 
the longs is much heayier than common air, as 1520 
is to 1000, or half as heavy again. If retained, death 
must follow ; but the heavy air, at its expiration, 
is combined with vapour, nitrogen gas, and other 
matter. Dr» Thomson estimates that 6 grains of 
vapour are exhaled from the lungs per minute. 
This vapour becomes visible when breathing in the 
cold external air. Dr. Carpenter estimates the 
amount of fluid exhaled by the skin and lungs 
averages from about 3 to 4 lbs. daily. The rarefied 
air from the lungs dius blended with vapour, is 
much lighter than common air, and hence ascends 
with rapidity, even in an atmu.sphere of a similar 
temperature. This clearly points out the necessity, 
as before stated, when applying ventilation to the 
abodes of men and the lower animals, of removing 
the carbonic acid gas from above, as it is generated, 
to prevent the r&-inhalation of the air which has 
been rendered noxious ; for unless means are taken 
for its expulsion, or provision made for its escape 
when expanded, and if it is permitted to cool before 
escaping, the carbonic acid gas will, from its greater 
gravity, descend, and the vitiated air remain. 
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CAUSES OF ATMOSPH£RIG VITIATION. 

Although, even in the present advanced state of 
science, chemical tests can hardly discover any, or 
: a Tery slight difference in the proportionB of the 
gases in the atmosphefe, still the air itself is passing 
through constant chano;es. Some local circumstances 
influencing air can be detected. The insalubrity of 
cd^fined or ill-aired places is known to every one* 
A confined lane without an outlet, or a cul de tae^ 
may be compared to the stagnant air ot a cellar or 
a well. A cnxrent is at all tunes necessary for the 
renovation of the air. Effinvia are carried by cur- 
rents to a great distance. Miasma indicates by its 
prejudicial ejects, atmospheric change or decompo- 
sition, or what is noxious to health. The vast 
amount oxygen abstracted from the air by the 
respiration of animals, and in the process of com- 
bustion, quickly adulterates the atmospheric air, for 
the oxygen is conyerted into carbonic add gas. The 
enormous volume of carbonic acid gas resulting 
from combustion in flre-places and furnaces, and 
from millions of human beings congregated in 
large cities, who are constantly giving out carbonic 
acid from their lunp^s and skins, must be apparent, 
and to this must he, added,>that given out by the 
lower animals. The quantity of carbonic acid that 
a horse alone gives out in twenty-four hours has 
been estimated 79i^ oz** * 

* Lieblg'e Animal Chemistry/' p; 14. Aocofding to J. B. 
Bonsmnganlt's "Bnral Economy," a cow gives out 70| ca? of 
carbon. A pig eight months old, nveighing 120 lbs., gives out daily 
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The nitrogen returns to tlie atmosplieref and with- 
out the oxygen is unfitted for respiialioii) but by a 
l>ea«itiM pmeM in naitare, the curbonic acid gas is 

absorbed by plants, which retain the carbon for their 
nonrishmeat, and letum the oxygen to the air. The 
lati^ being giTen out iram the leaves as foliage in 
large volume, yield more oxygen than they even 
extnMst from the air. The nitrogen, the specifio 
gxavity of wtaek is lighter than air, has been spp- 
posed to aseend to the upper regions of the atmo- 
sphere, and the pure air to descend towards the 
earth to replace that which has been deteriorated. 
Nitrogen is, howerer, known to eomUne- with 
hydrogen gas, and to take the form of ammonia, a 
small portion of which is always present in the 
atmosphere^ and whieh is supposed to be the scmroe 
of the nitrogen for plants. The specific gravity of 
HUimoniacal gas is •590. It is rapidly absorbed by 
water, which takes np moie than one-third its weight 
of the gas. It is by the operation of these beantifiil 
natural laws of the great Author that the air is kept 
in a state of purity for the preservation of animated 
natuTfi. But when "wie eome to the habitations of 
man, and look to the vitiating canaes in constant 
operatioTi which -frustrate the action of these natural 
laws, it is then that rejection impresses on the mind 
the neoessky of devismg and omployii^ artificial 
means to compensate for their frustration. 

Sl^oa <)f otr1Ml^mtfa•£m4tf«•llMm Seeilia^FliyBio- 
logift Oompar^e/' p. 167, par G. Colin. Pans, IIM. Abo W. B. 

Carpenter's (M.D.) Animal Phyaioiogy." 
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Bj the functiaQg of ibe human frame ia the 
abstraction of the oxygen from the aif by mpinu- 

iaxmy and the exhalation of carbonic acid gas hy the 
exoretoiy functions of the body^ and by other 
noxious causes, such as the combustion of gas in 
dose places, the air is frequently rendered unwhole- 
some. But even the external air may be rendered 
insalubrious by the congregation of mankind in 
erowded cities, towns, and villagias, and confined 
localities, and tie undue proximity of their houses. 
Wherever drainage, and sewerfi, and cess-pools are 
neglected, and r^se depots are aecnmulated near 
the dwellings of men, health must snffer^ and the 
rate uf mortality be increased ; a poisonous atmo- 
sphere is generated in the decay of animal and 
vegetable matter. The air of lai^e localities mwst 
become adulterated from sulphuretted, phosphu^ 
retted, and carburetted hydrogen, ammoniacal and 
other deletenous gases. The poison is inhaled by 
day and night, and it is not perhaps in the power of 
those compelled by their mode of livelihood to 
reside in such places to remove from its prejudicial 
effects. The liquid manitre from houses^ and. stables 
may be ofi^en seen in the stagnant gutter or ditch, 
polluting the air around, which a little trouble and 
eipense might uaeMly convey to the disinfecting 
eardi. Aa lihus the adr in confined and iU^^leaned 
localities is vitiated from many causes, and loses its 
elasticity and bracing eiiect upon the frame, human 
intdligence and self*preservation, in such places, 
should pohit out the necessity of taking eyery 
means possible to diminish, if not to entirely remedy 



Digitized by Google 



22 GAUB£S OF ATMOSPHEUIC VITIATION. 

the evil. Ji' the atmosphere around the dwelling be 
vitiated from impure gases, and the air witibin the 

dwelling still more so from neglected ventilation, 
it is impossible to conceive that health can be pre^ 
served. 

That combustion is one cause contributing to ihe 

vitiation of the air of cities there can be no doubt. 
The diiierence of the purity of the air in what are 
termed manu£Eusturing cities and towns from those 
of an opposite description, may be easily ascer- 
tained ; and the evil km increased to such an extent 
from the generation of smoke and the deposit of 
soot, that an Act has passed the Legislature com- 
pelling all proprietors of works to consume the 
smoke of their furnaces. This, of course^ will 
remedy the evil to the eye, and reader the localities 
more comfortable to the inhabitants ; but it cannot 
greatly diminish the amount of carbonic acid gas 
produced in the process of combustion, although it 
rarefies it and removes the smoke. The effects of 
combustion are more distinctly visible in mines or in 
rooms than in the external air. Gas cannot be 
burned without destroying a certain portion of the 
oxygen of the air ; and even coal fires, when they 
do not draw properly, will rapidly pollute the air 
of the room. The average quality of coal^as gives, 
on burning, from 80 to 90 per cent of its volume of 
carbonic acid. Wax, oil, and tallow produce, in 
combustion, about 200 per cent of their weight of 
carbonic acid ; or by burning 2 lb of stearine in 
1800 cubic feet of air, the quantity of carbonic acid 
formed will amount to 4 per cent of the total 
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vuiume, or the acid will have become as impure as 
if it bad all passed through the lungs.^ 

NEGLECT OF VEMTILATIOM. 

The evil effects arising from the neglect of ven* 
tilation require no exaggerated picture to be drawn 
of them. These may be seen in many of the abodes 
of men. Allusion has been made to the evils result- 
ing in cities from uncleanliness and neglected drain- 
age ; hut the position of cities, towns, and villages 
has never perhaps received sufficient consideration, 
because such places have arisen irom convenience^ 
and sprung gradually into importance from acci- 
dental causes. It cannot generally otherwise be 
accounted for that these are often placed in marshy, 
fenny, and unhealthy district and where it is 
known causes prejudicial to health exist But it is 
the province of tke few, not the manv, to be able to 
choose the locality of their dwelling-place, and 
hence it is the more important for those who have 
the power, to see that everything is done which can 
be effected in such places to improve salubrity. 
Dwellings should not be densely packed together, 
as may be seen in cities built before the period that 
the influence of air and light wck^ ]jroperly known 
upon the human frame ; for the iniiuence of light is 
essential for the preservation of health. Dark, dirty, 
confined alleys may be seen in many cities and 
towns, into which the sun's rays can hardly pene- 
trate, and little pure air find its way. How many 
an artizftn, with his family, there passes his exist- 

• Par. Rep. 1857. 
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ence I He perhaps has no means of removing from 
Ub abode, and if be did bo, he probablj would re- 
move to one no better. It would be well if sucb 
confined tenements— the abodes of hundreds — where 
disease and sickness so often preyail, could be im- 
proved in all cities. Manj thouiandi of podnda 
annually are spent in mnch less nseM objects. But 
even the hmnble residenter in such abodes should 
be made to know that no air can be to impnre with- 
out his house as his fiunily must render the air 
wiLliin it. It has been shown that the carbonic acid 
gas in the atmosphere forms a very small portion of 
it^ and even tried hy test from tihe outside of the 
window of lii» obscure abode, it will show a very 
different result from the air within it. But the air 
within the houses of the wealthy has no exemption 
from impurities* It should be again remembered 
that what lias been described as the meaninpf of ven- 
tilation is the supplying fresh air at ail times to the 
dwelling or other place requiring it^ and removing 
that which has been rendered noxious; and that 
this can only be attained in close places by a slow 
Bjiovement or slight current of air being maintained. 
But how ofbn is it seen that a mere pane of glass 

separates the most impure from fresh air. As the 
air is an invisible tLuid^ its impurities are not always 
recognised^ and people will sometimes be content, 
or perhaps obliged, to breathe air relatively at im- 
pure as water taken from a stagnant pond. If the 
eye and taste abhor the water, an equal disgust 
should arise to inhale the air. Still so potent is 
liabit, that the human iiame, in many instances, 
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though suffering a, gradual deteiioratioU) gives little 
immediate notic6 of what is going on, by causing 
present feelings of inconrenienee, if the impurities 
be not extreme, and especially if the person be used 
to it ; hence a great sourpe of evil, and the difficulty 
in arousing proper attention to the whole subject 
If an ill-aired liousc could, as a matter of fashion, 
be rendered as unpopular as a dirty one, or as 
having the person or dress impure, the whole battle 
would be nearly gained; for the chief difficulty is 
to convince people of its necessity — habits being 
often formed without reflection* The difficulty of 
arousing from indifiEerenoe and inattention to the 
subject in many instances is extreme. 

Were people generally impressed with a know- 
ledge of the Bunple facts-enunciated, and were they 
to try to maintain pure idr for the purposes of res- 
piration, and justly view it as important as the food 
they eat, they would be mindful that without it good 
health could not be enj oyed. Were parents or Heads 
of families, mothers in the nursery, clergymen, 
teachers, masters and foremen having people under 
their chaige, were clerks and serrants and workmen^ 
impressed with these truths, how different might be 
the attention paid to this subject, and how much 
more beneficial the results as regards the health of 
the community 1 

Much might be done in the dwellings of artizaus, 
to carry out a systematic mode of ventilation upon 
a large scale. In the attempts which have been 
made with this view, as yet few have m any degsee 
been successful. This arises from almost obvious 
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causeB, amongst others, that offensive currents have 
been made from air openings improperly placed at 

the ceilings of rooms or roofs of buildino^s, some- 
times pouring down cold air like a shower upon the 
heads of the inmates, chilling all within its range. 
At other times a strong current the opposite way- 
has been created, equalljir annoying to the inmates, 
wMch leads to the apertures being dosed «p ; and 
occasionally what is called a ventilator is made so 
small as to tend only to mislead those who trust to 
its use. These errors proceed in general from the 
desire to forward some £Etvourite scheme or Iheorj, 
rather than seemingly from the wish to obtain the 
great object in view — the preservation of public 
health. 

AMOUNT OF FBEBH AIR REQUIBBD. 

When alluding to the dwellings of artizans, the 
cottages of the humbler classes should not be over- 
looked. How freely is money sometimes expended 

in the erection of stables, cow-iiouses, pig-styes, and 
dog-kennels, while perhaps the health, comfort, and 
happiness of intelligent beings are too of^ neglected 
to such an extent, that whole families, each con- 
sisting of six or seven inmates, are huddled together 
in a single apartment of it may be 14 feet square, 
and 6 to 8 feet high ; the whole space containing 
less than 1568 cubic feet. Professional men when 
visiting, in the discharge of their duty, these humble 
abodes, complain of the injury they suffer in health 
from even the short stay they make, when inhaling 
the stagnant atmosphere. In the iieport on the 
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Sanitary Condition of the Labouring Class of the 
PopolatiombyMr. Ohadwiek, many striking examples 
are given of the evH results arising from oyer-crowd- 
ing. The rooms of the labouring classes are described 
to be dark and unwholesome; £oors of clay; the 
windows frequently do not open — and many of these 
windows are not larger than 20 by 16 inches — ^and 
into a shed of 30 feet by 16 are often crowded, eight, 
ten, or even twelve persons, the only ventilation 
being by the door, of which there is bat one for two 
families to enter by ; the partitions being merely 
ibrmed by the backs of the beds or wooden boxes : 
as there is little fuel to maintain warmth, the doors 
are kept shut; chimneys are badly constructed; the 
houses full uf smoke ; the height of an apartment 
hardly admitted a peraon to stand upright, and one 
contained three small beds, two persons sleeping in 
each. 

According to the estimate of Dr. Carpenter,^ a man 
produces, in twenty*four hours, about 10 cubic feet 
of carbonic acid.t If he were inclosed in a space 
containing 1000 cubic feet of air (such as would exist 
in a room 10 feet square and 10 feet high), he would 
in twenty-four hours communicate to its atmosphere 
from tlic lungs ajs much as I part in 100 of carbonic 
acid, provided that no interchange takes place be- 
tween the air within and the air outside the cham- 
ber. The amount would be farther increased by the 
carbonic acid thrown oh by the skin. In practice, 

* Animal Phydologj, p. 262. 

^ The differenoe of oionion or uneertainiy as to the amount of 

carbuuic acid has been bhowo. 
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Bucli au (Kscurrence is seldom likely to take place, 
since in no chamber tbat is erer conBtnicted, except 
for the sake of experiment, are the fittingB so close 

as to prevent a certain interchange of the contained 
air with that in the outside. Bat the same iujurioas 
effect is oflen produced by die collocation of a large 
number of persons, for a shorter time, in a room in- 
su£&eiently provided with the means of ventilation, 
it is evident) that if twelve penons were to occupy 
such a chamber for two hoars, they would produce 
the same etifect with that occasioned by one person 
in twenty- four hours. Suppose 1200 persons to 
remain in a church or assembly room for two hours, 
they would produce 1000 cubic feet of carbonic acid 
in the time. Let the dimensions be taken at 80 feet 
long, 50 broad, and 26 high, the cubical contents 
being 100,000 cubic feet. Thus an amount of car* 
boiiic acid equal to 1000th part of the whole, will 
be communicated to the air of such a building in 
the space of two hours, by the presence of 1200 
people, if no provision is made for ventilating it. 
And the quantity will be greatly increased, and the 
injurious effects will be proportionately greater, if 
there is an additional consumption of oxygen pro* 
ducedby tlie buminp^ of gas-ligj-hts, lamps, or candles. 
Hence, says Dr. Carpenter, the great importance of 
£ree ventiLationy wherever large assemblages of per* 
sons are collected tc^etiier, even in builduigs that 
seem quite adequate in point of size to receive them, 
and much of the weariness which is experienced after 
attendance on crowded assemblies of any kind, maybe 
traced to this cause. In schools, factories, or other 
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plaxjes, where a large number of persons rem a i n during 
a considerable proportion of tke twenty-four kours, it 
is impo$dible to give too much attention to the sob* 
ject of ventilation ; and, as the smaller the room, 
the larger will be the proportion of carbonic acid its 
atmosphere will contain after a certain number of 
persons have been breathing in it for a given time. 
It is necessary to take the greatest precaution, when 
several persons are collected in these narrow dwell* 
ings in which many are compelled to reside. Even 
the want of food, of clothing, and of fuel, are less 
fertile sources of disease than insufEicient ventilation^ 
which favonre the spread of contagions diseases^ by 
keeping in the poison, and tbos concentrating it upon 
those who expose themselves to its influence.* From 
recent sanitary reports, it is considered that the 
cubical space requisite for eacb person in a house, 
to maintain a healthy existence, should not be less 
than 600 feet. 

If it be assumed ^at a man exhales 0*686 cubio 
feet of carbonic acid per hour, 16 men will exhale 
65 '86 cubic feet in six hours. To know what quan- 
tity of air must be mixed with 65*86 carbonic acid, 
so that the percentage of the gas amotimt to 0*1242, 
er the quality or the quantity found in &e Wellington 
barrack-iooui," | . • , ** there is required 76*600 cubic 
feet of air.'' That is, in six houie 76*600 cubic feet of 
aar pass thiougb the room and earry off 0*1242 per 
cent of that bulk of carbonic acid. This gives to 
. each man a volume of 13*3 cubic feet per minute — a 
quantity insuffioient to semoyeeompletely all animal 

* Aupal Thjmhgj, p. 26$. f Pat. Ilep., 1857. 
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effluvia. But the amount of ventilation required in 
a room of a given size occupied by a given namber 
of persons, must natarally partly depend upon ihe 
duration of the occupation. 

Practical difficulties exist in winter in obtaining^ 
a suffici^t difiusion of fresh air to make small abodes 
salubrious — local currents are complained of, and 
prove offensive, hence almost eveiy aperture is shut 
up ; even the fire-place, such as it is, does not draw 
properly ; and the foetid atmoi^here within forms a 
striking contrast to the pure air without. It is high 
time, however, that more should be done for the 
interior comfort of abodes — ^the external appearance 
of the cottage, in rural districts, is made to harmonize 
with the landscape; but much more important is 
the internal comfort— an effective system of diffusion 
of the air should be provided, also proper altitude 
given to the rooms ; and the windows and fire-places 
constructed on the best principle, to insure a renova- 
tion of the air of the house at all times* 

MOVKMBNTB INDUCED BY HEAT. 

Although the subject of ventilation is a difficult, 
it is still a practicable one. It is absurd to suppose 
that it can be altogether obtained by spontaneous 
means. Before describing mechanical agents and 
other artificial means which have been applied to 
domestic ventilation, some notice will be taken of 
schemes proposed as a substitute. From the many 
contrivances called " ventilators," which from time 
to time have been brought before the public for this 
purpose, it is impossible to do more in a popular 
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work than mention a few of t]ie prominent ones. 
Before noticing these, even at the risk of repetition, 
it is necesBarjr to have a clear conception of what 
has been caUed simple^ self-acting, spontaneons, or 
natural ventilation, when applied to domestic build- 
ings. In houses this may be obtained, to a con- 
siderable extent, by attention to the before-noticed 
movement of the particles of the air, which ascend, 
as the particles of water do in the process of ebuli- 
tion. A current miay, in ordinary circumstances of 
the atmosphere, be induced from taking advantage 
of the slight differences of temperature. No error, 
however, is so common as the supposition, that if air 
be admitted by a door or window into an apartment, 
the ventilation is complete, forgetting that air, like 
other fluids, can do no more than fill a given space, 
as liquid does a bottle, and that fresh air cannot be 
admitted to change the air of the apartment, unless 
means are provided for the escape of that for which 
it is to be substituted, and this can alone be done, 
by the weight or specific gravily of the air producing 
the movement of its particles, and thereby expelling 
it ; the cold air pressing in to restore the equilibrium. 
But admitting this common error, it is necessary to 
guard against regarding such an opening as of no 
benefit. Although the air in a close phice cannot 
be changed without a current, still human life may, 
in a confined space, be preserved by a small aperture, 
as an open pane of glass, because even with one 
opening, the difference of temperature will create a 
current, as may be observed firom the cold air rush- 
ing in at the bottom of the door of a dose room, and 
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the warm air escapinir at the top of it. This move- 
ment will go on, without absolntelj changing the 
entire air of the room, until the temperature outside 
and inside is the same, or lill the relative weights 
are balanced, and the eqoilibriam is established. 

FATAl* EVFECIB OF INBAUIVO BAP AIB. 

The man) inelancholy instances recorded of death 
in conhned places, as in ship cabins, by carbonic 
acid gas arising from charcoal fires, mi^t have been 
prevented, if attention had only been paid to the 
admission of a little external air. Dr. N. Amott* 
gives the following data to judge how long life would 
be preserved in a confined place. Suppose a room 
to be a cube of 12 feet containing 1728 cubic feet of 
air, there is, without any ventilation, an allowance 
of two feet per minnte for 14 hours. In what a 
state widi such a prospect would a person be placed. 
The game author mentions, as an instance of the 
ignorance which prevails as to the evil effects of 
breathing impure air, the fiiot of the Buckingham* 
shire work-girls keeping themselves warm in a small 
confined room from their own breath : their pale 
&ces and broken health soon told the tale* The 
same authority, in his evidence before a Parliament 
tary committee, in 1849, states, that " if human 
breath accumulate in a place, so as to be about 1 in 
15 of the air present, it begins to be hurtful to p^« 
sons breathing it again, as shown in the pale counte- 
nances and impaired health of those who are much 
in the house, and usually breathe confined air; and 

• Waiming and TwtiUUiDg, by Nltl Atnott, K.D., F.B.a 
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if the proportion of breath to air increase much 
more, the persons die at once of suffocation, as 
happened lately to ninety-three personfi in A passage 
boat in the Irish channel. Bat in all such eases it 
is possible, by maintaining in the place always the 
due known proportion of atmospheric air, to render 
the other admixture, even if it be the poisonous 
breath of patients labouring under infectious fever, 
perfectly harmless or inert." 

When a person is accidentally obliged to sleep, 
or to continue long in a small chamber, where no 
provision exists to renovate the air, in order to 
preserve the salubrity of the place, his first duty is 
to admit fresh air; much better to sleep with a 
window partially open, or a broken pane of glass, 
than to suffer from the soporific exhausting effects 
arising from mephitic air. But history affords 
many examples of speedy death, when persons have 
been crowded into close places, w4th only one aper- 
ture for the ingress of the air. That the air cannot ' 
be properly changed without a point of ingress and 
egress, is well illustrated by the fieuit generally 
known, that in an empty pit, well, mine, or vat^ 
the air becomes so deteriorated, from the accumula-- 
tion of carbonic acid gas, that life cannot be sup- 

ported. This has been frequently illustrated, from 
descending incautiously a shaft or pit, where the 
vitiation of the air is at once shown by the imme* 
diate extinction of flame, which takes place in a 
mixture of four volumes of atmospheric and one 
volume of carbonic acid : and where flame cannot 
e wty animal life cannot be maintained. 

D 
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SALVBIUTT OP SITE — TOWN AND COUNTRY. 

When a number of people is assembled, the 
necessitjr presents itself of .finding means, by skilful 
contrivances, to maintain as mncli as possible the 
purity of the air, with due regulation of its tempe- 
rature, and without annoyance to those congregated 
together. It has been shown that in ordinary 
dwellincrs, by a little attention, ventilation may be 
maintained and liealtli benefited, and that in what 
is termed a badly aired locality there may exist 
perhaps a fresher and purer air without than within 
the house, even in a well aired one ; for nature is so 
bountiful that the worst air without is often purer in 
comparison to the exhausted air within. But while 
this fact must be admitted, it does not follow that 
the utmost attention should not be paid to the 
choice of the site of buildings, carefully avoiding 
localities where causes prejudicial to health are 
known to exist. Indeed, it must be of vital impor- 
tance to avoid such localities for the sites of facto- 
ries, hospitals, prisons, &c, and wherever nxunbers 
of workmen are congregated together. It has 
already been said, that too little attention has 
been giyen to placing the abodes of mankind in 
salubrious situations; for health seems to be pro^ 
moted by the selection of dry elevated sites with a 
free circulation of air, and where pure water abounds, 
while damp, marshy, ill aired places, conjoined witl^ 
other causes (such as inattention to sanitary measures 
and cleansing) previously mentioned, prove insalu- 
brious and increase the rate of mortality* The rate of 
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mortality, which differs so much, seems to corroborate 
these averments. In 1856, the rate of mortality in 
some counties was low — in Dorsetshire and Lincoln- 
shire, 16 in 1000. In London it was less than 22 in 
1000, while in Lancashire it was 25*54 in 1000 ; and 
reference has only to be made to the statistical 
returns of the Registrar-General, public boards, and 
to the works of C. T. Thackrah, and others, to prove 
it; and it is still more strikingly developed by refe- 
rence to agricultural statistics, showing beyond a 
doubt that locality influences health, and even 
lessens seemingly the effect of neglected domestic 
ventilation. The salubrity of the air in the country 
over cities is clearly manifested ; even the deficient 
ventilation of a cottage is compensated by the open 
door. Notwithstanding all the exposure to the 
weather and poor diet of peasants engaged in out^ 
door employment, they are generally more robust 
and have a longer average of life than town workers. 

The Eegistrar-Geneial of England and Wales, in 
his Beport for 1858, states — ^ In the districts com- 
prising the chief towns, in which nearly half the 
population is living, the people died at the rate of 
24, while in the remaining districts, comprising 
small towns and country parishes, the deatli-iate 
was 18 in 1000. This shows in a strong light how 
much room there is for improvement in our large 
towns, for it is well known that many fatal agents 
which may be avoided are at work in the small 
towns and country parishes,' ' * Out of the mortal ity, 
he adds, 67,000 persons perished by causes which, 

♦ 19th Report, page 29. 
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if iil^ilfully attacked, may, it is believed, be either 
nutigated or removed.'' A certain number of Uvea 
have been saved by saaitaiy measure^/' We want 
pure air and pure water about our dwellings, and 
the refuse wkich infeots tbe air, and makes it poison 
maiif to be restored directly to the soil*" It is satis* 
ftctory, from these Beports above referred to, to 
observe, ili;it a considerable improvement in the 
average of iiuman life appears to have taken place 
within tbe last ten yeaiSf which improved sanitary 
measures, it is to be hoped, will increase. In the 
Report of the Eegistrar-General of Scotland for 
1858, a comparison made between eight principal 
towns and eight counties corroborates the English 
Report, in sliowing that the rate of mortality is much 
greater in the towns than in the country. May not 
the many deaths of the young, in comparison with 
adnlts, be materially influenced by the inhalation of 
impure air, combined with poor diet, rendering them 
more prone to disease? 

Amongst other causes which add to the insalu- 
brity of London, pubiic attention has been directed 
to the offensive emanations from tbe Thames, and to 
imperfect sewerage ; and an extensive plan of sewer- 
age has been adopted to remedy the evil; But 
other cities and towns suffer from defective sewer- 
age, and in summer from the effluvia which arise 
from rivers and streams into which common sewm 

and the liquids from puljlic works are discliarged — 
evils which requirecorrection. Another pointof much 
importance as regards salubrity in cities, especially 
when situated on a plain, is to guard against obstruc- 
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tions to a free current of air, so as to Ixave the ad- 
Tantage of the prevailing winds to ]>a88 through 
them ; for it has been found that when the ends of 

narrow streets are intervsected bv tlie buildinprs of 
cross streets, they are more or less insalubrious. 
Many examples to illustrate this might be given. 

EFFECTS OF EUPLOTHENTS ON HEALTH. 

Although a considerable difference appears to 
^xist in the longevity of people who live in the 
eountry from that of those iu towns, still occupa- 
tions must be taken into account when considering 
this question, as the rate of mortality is greater in 
one than another. It is singular the Begistrar* 
General of England and Wales * does not class the 
iarmer as a long liver. About 6426 English 
farmers die in a year, and of them many are young ; 
2605 are under sixty-five years of age.'* " The 
germs of insalubrity are scattered about in every 
village ; for the rational laws of health are violated 
in the cottage and in the farm-house. The dwelling* 
houses sometimes rest on damp undrained ground ; 
they often lie at the bottom of pit-like depressions 
of the earth, instead of standing on the sites of the 
higher grounds, from which the water flows away 
naturally, and the decaying organic emanations are 
dispersed and decomposed by the winds. The 
farm-house is often close to the farin-yard, on a low 
part of the farm, and is ornaiiK^ited by buildings, 
ricks, and trees. In the yard, or near it, the refuse 
of the house and of all the animals is kept month 

* i9tli Report, 185S» ptige 27. 
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after month, undergoing fermentation and giving off 
noxious vapours. Into the pond out of which cattle 
drink, the ammoniacal liquor &ll8 ; and it happens, 

that if tlie air is stagnant for some days, and the 
temperature is high, etc., the fann becomes a scene 
of suflFcring."* 

The miner may be said to live in the country, yet, 
according to writers on tlie diseases of workmen, 
such as Bamazzini, Patissier, Thackrah, and others, 
it is not a healthy employment. The Kegistrar- 
General of England and Wales, in his lieport, pub- 
lished 1855, states, Miners die in undue proportion." 
BatclifPe, in his tables, says, This class of lives 
shows a very large amount of average bickness." 
Thackrah, in his work, remarks, that colliers do not 
generally exceed the age of fifty, though many ex- 
ceptions may be found. 

Colliers suffer much from defective ventilation, 
increased by the smoke of lamps, and by the fumes 
of gunpowder in mines in which it is used for blast- 
ing. They are liable to pulmonary diseases in mines 
where the coals produce much dust. The lungs be- 
come infiltrated with black matter, which a high 
medical authority f has shown ^ resembles, if it is 
not identical, with coal." The injurious effect upon 
health resulting to miners of lead, copper, quick- 
silver, and other minerals, has been noticed by 
several writers ; and also the serious consequences 
arising in other employments from the inhalation 
of dust, sand, and deleterious vapours* There are, 
however, many employments in which injury to 

♦ 19th Ann. Rep., 1858, p. 27. f I ioiestioi' Christison, M.D. 
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health arises less palpably to observation during its 
progress — such as the- effect which the continuous 
reflpiration of impure or stagnant air exercises upon 
the human frame, producing those results already 
noticed, the tendency of which is to shorten life. 
Dr. A. Combe, in his " Physiology," remarks, " that 
there are employments, without any thing being 
positively injurious, in which scarcely a workman 
survives his fortieth or fiftieth year." This is a 
serious consideration. Can the importance of venti- 
lalion, and the necessity of breaihing pure air be 
overrated, when it is known that many employments 
i are carried on with injuiy to health, in a close im- 
pure atmosphere? But to rectify these evils, the 
people themselves must be impressed with the truth, 
that they must view the air which they breathe like 
the food they eat, and take all the means in their 
power to obtain it in purity. 

KEFERENCE TO WORKS BY THE AUTHOli. 

As many of the contrivances now to be described 
I have been successfully applied to the ventilation of 

factories and other buildings, and some of them are 
noticed in a prize Essay by the writer of this treatise, 
published in the Transactions of the Boyal Scottish 
Society of Arts, On the Ventilation and Sanitai v 
Arrangements of Factories,"* and also in another 
prize essay in the same Transactions, On the Ven- 
tilation of Sailing and Steam Vessels,"! and in other 
published works by the author — he considers that 

* Printed in Tnsa. of the Boyal Soot Soe. of Arts ; and in Jame- 
Boa's EdtD. Phil. Jounal ; and pnblialied 1S44 by Weole, London. 
Published in aame Transaotions and Journal, 1842-8. 
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on these two branches of ventilation it is not neces- 
sary for him largely to enter, or to minutely de- 
scribe the numerous contrivances aioruin which h& 
has already brought before the public, embracing, 
as these publications do, notices of inventions £rom 
the period the subject in this country first received 
serious consideration. Stable and dairy ventilation 
has been treiited by him in his work, the Farm 
Engineer/' * 

ATTENTION PAID BY THE AN( lEMS TO VENTlLA'i ION. 

There seems little doubt that public attention 

was prominently directed in recent years to ventila- 
tion from the prison researches by the great Howard, 
1715; also from numerous accidents by exploBions 
in coal mines, and from the mortality in the last 
century on ship-board. It is, however, interesting, 
on looking into the pages of history, to observe how 
much attention was paid by the ancients to salubrity 
and ventilation in the construction of their buildings. 
Tiiis is shown in the pages of Vitruvius, Pliny, and 
other ancient authors. Air, light, and situation, 
were deemed of essential importance as regarded 
comfort and health by the Eomans. Varro, in his 
De Be Eustica, states, that the skill of the archi- 
tect may, in a great measure, guard against bad air ; 
though it is impossible by any art to cure the bad 
air of an ill-chosen situation." This subject has 
been treated fully in a paper by the author.f 

* Published hj Blackie and Co., London and Edinburgh, 8vo, 
pp. 272, 1849. 

f Printed in Trsns. of Arch. Inst, of Scot, 1851, p. 184, entitled, 
On the YentiUtioii of BinldiogB, etc, hy the Ancaente. 
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CHAPTER 11. 
VENTILATION BY SPONTANEOUS ACTION. 

Part I. 

« 

SIMPLE APPLIANCES. 

The idea of applying arti^eial ageucj to aid spon- 
taneous ventilation in renovatmg the air of a build- 
ing, seems to be of very great antiquity. The 
Egyptians made use of the mvilguf^ or wind con- 
ductor, for this piBpose — an apparatus which is still 
in use in modem Egypt. It consists of a wooden 
erection placed on the roof of the building, with an 
angular top, and its mouth open to catch the pre^ 
Tailing wind, so as to convey the air downwards 
to the rooms below. The principle of operation of 
the nmlguf is the same as that of the common 
wind-sail used in ships. The latter consists of a 
large canvas tube, the upper end of whidi is llis- 
tened to the rigging, having its mouth open to 
catch the breeze, and convey the fresh tur into the 
hold or cabms. In steam-ships these are made of 
iron, to direct the air into the fuinace rooms. In 
some states of the weather the wind- sail is of little 
service ; hence the many expedients which from time to 
time have been resorted to for the ventilation of ships. 
In the author's publication, to which reference has 
been made, plans and suggestions are given for the 
better ventflaiion of sailing and steamships. 

E 
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IIOTBHIHT OF THB AIB IN APABTMEMTB. 

rollowing up the observatLons in the tot chap- 
ter, piaetical examples inll now be given iUustratiye 
of the modes of effecting ventilation by means of 
spontaneous or natuial movement of the ak, — aud 
in order that the sabject may be thonm^y nnderstood, 
the opmiona of other writers on the sabject will be 
adduced. 

The first consideration that presents itself when ap* 
plying the sabject practically, is,— ^are the means avail- 
able to carry out a system of ventalation? — and the 
next is, to make tlie most of those at command. 

The movements which take place in the air of 
apartments in the process of ventilation actinia either 
naturally or aitificiallv, one writer has classed under 

ft/ 1 

three heads; but it will be apparent that the no- 
mendatnre is more ^plicable to an artificial than to 
a natural movement. First, ventilation by a plenum 
movement or impulse is so termed when the aii* is 
blown mto an apartment by the force of the wind 
or by any mechanical power. Seeondf ventilation 
by a vacuum impulse comprises all cases where the 
discharge is effected by the pressure of the external 
atmosphere, or by tiie exhaosting power of madiinery. 
Thirdy ventilation by a mixed movement, is when 
both the plenum and vacuiun movements are em- 
ployed. 

VENTILATIOK BT MEANS OF DOOBS AND WINDOWa 

Whm applying ventilation to a dwellmg-honse^ it 
is obvious that doors and windows are tlie usual 
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men. existing by which Tentiktion is promoted. 

Tiii^ may be said to be a truism. Keeping in 
view the principles which have been pointed out in 
page 29, the point to oonaider is, how can these 
be best applied? It is certain that no one will 
submit to a cold current oi' air, if it can be avoided. 
Henoe comes the difficulty, Two ways piesent them- 
selves: — Should there be two sitting-rooms in use, 
either to ventilate them alternately, or to endeavoui* 
to ventilate them in such a way as to avoid the 
inconvenience of draughts. Suppose the windows of 
a room are placed at opposite sides, simple means 
exist of changing the air by the windows being 
made to open at top as weU as at bottom; and 
by opening a small portion of the lower part of the 
windward window, and a small portion of the top 
of the leeward one, the impure air will be forced 
out. Adopting the terms before mentioned, a plenum 
impulse tlirough the one, will contribute to the dis- 
charge by favuunug a vacuum impulse at the other. 
In a similar manner, advantage may be taken of 
the difference of temperatuie, by admitting firesh air 
from the shaded side, and permitting it to escape 
at the unshaded side of a building. A slow cur- 
rent is thus easUy established, and the air will be 
renewed and the ajjartuients kept hi a wholesome 
condition. It is an advantage, when ventilating in 
this manner, that the windows be as high as the 
ceilmg of the room, or nearly so, and that they 
should open at the top, by which means a more 
speedy . renovation is efieoted. Wben . windows turn 
on a centre point, or open vertically, they afford a 
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ready mode for regiilating the ingress and egress 

of the air. 

The windows of rooms being seldom carried up 
to the full hmf^t of the lyaUs, a stratom of healed 
impure air must lodge near the ceiling unless there 
be air openings provided for its escape. In some 
buildings may be seen as much dead iqpoce alxnre 
as below the window. On one occasion," it is 
stated by Dr. Milroy, " I saw a clerpryman half 
stifled by preaching in a pulpit where the windows 
were unusually low and the pulpit yery high; his 
head was above the level of the tops Of the win- 
dowsy 80 that the ak he breathed was only (the 
day was very dose and sultry) the respired air of 
the congregation below.*'* 

The plan of ventilatiou by windows can ob- 
idously be adopted with great adyantage in factories, 
workshops, school-rooms^ and in other places Should 
the windows be all on one side, and the doors on 
any of the other sides of the room, by a partial 
opening of the door and window a slight movement of 
the air is established. Should a window have a door 
opposite to it leading into another apartment in which 
also there is a window, a simple method exists for ven- 
tilating both: It need hardly be stated, that althoi^ 
a renovation of the au^ is thus readily obtained, still 
the process is imperfect because it cannot at all times 
be relied on, from the &ct that in winter, in crowded 
apartments, all draughts are offensive and dangeixHUL 

* LaiUMi, p. 630, May 28, 1859,— Gayin Mikoy, M.D., 
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But in summer, when ventilation is as much re- 
quired, and when windows can be fi:eely opened, — 
the means m in the power of eveiy one to admit 
fresh air to their atting or bed^roomg. In winter 
there is the useful auxiliary for ventilation of the 
open fire ; — ^but for one half of the year thia agmcj 
is imavailable. 

BED-BOOH TENTILATION. 

There eainnot be a doubt that the Tentilation of 
bed-rooms has been far too much overlooked. When it 

is considered that a third part of every day's exist- 
ence is generally spent in the bed-room, where pure air 
is most necessary, it is surprising that the importance 

of a constant supply of fresh air for respiration, as well 
as the necessity of having the air of the room 
thoroughly renoTated when unoccupied, is often over- 
looked. A free and continuous circulation of piu^ air 
in the bed-room during the night is essential lor every 
one, — ^the more so where a number of persons sleep 
in one apartment, as in an hospital, barracks, or 
in a nursery-room. Persons will sleep much sounder 
where the air is fresh, and they will rise more in- 
vigorated. In general, fires, even in wmter, are not 
much used in bed-rooms except in the houses of the 
wealthy J hence ventilation is dependent entirely upon 
the windows. 

When taking advantage of doors and windows in 
rooms, it is equally necessary to consider how stair- 
cases of public ofices, by means of which numerous 
apartments communicate, should be supplied with 
fresh air and the \itiated removed, as the latter, ascend- 



Digitized by Google 



46 



STAIRCASE VSMTILATION. 



ing to the higher levels, must render the i4)per 
rooms ready receptacles for the impure air; — hence 
there should be an abundout supply of ^esh. air 
admitted below, and a proper escape opened at tbe 
top of the stair. 

In some towns a common-stair fozms the means 
of a43ce88 to perhaps six or mofe houses of sereral 
apartments occupied by separate famOies. Very often 
there are two houses oii each huiduig, — so that there 
may be fifty persons living in houses or apartments 
entering ft^m one stair. And frequently may be I 
seen the windows of closets opening into, and soil- j 
pipes passing down, the common-staircase. The air 
in such staircases is of course dose, and often has 
a bad odour; and as the houses draw a consider- 
able supply of air from the staircase, the necessity 
of its being properly yentilated, in order to promote 
the salubrity of such orercrowded residences, must be 
apparent. 

A good deal has been said about the great ad- 1 
vantage of open fire-places for ventiktion; but much I 
of this is merely ideal, and is received because it 
coincides with the prejudice in &Tour of fire-side 
comfort. It is, however, only useftil in winter, and 
ventilation is necessary for health all the year round. 
Besides, ventilalion by the open fire is only obtained 
at a great waste of fuel ; for the value of it is just 
in proportion as the combustion of fuel increases the 
aerial current. Hence sometimes, wh^ the action is 
most efficient, the current proves inconvenient and 
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offensive. Being a resource in winter readily at com- 
mand, it has been hj some commended, although it 
has Tarious disadvantages; for when the npward cur* 
rent ceases, or becomes languid, a downward one may 
occur, and noxious gases accumulate in the room. 

The open &e/' * one writer states, ^ so mueh prized 
in m conntry from ite Hvely »>d cheeribl 
ance, exeits also an agreeable effect upon the animal 
system, hj the light radiated along with the heat 
which it eyolves, and the movement of air which it 
sustains, as it draws off the air and ventilates the 
apartment in which it is placed; but in point of 
economy of fael or faeiUtjr of regolation so as to 
maintain an equal temperatnTe, it is perhaps the least 
desirable of ail Jdnds of heating apparatus/' The same 
writer Airther notices as disadvantages — the attend- 
ance which it reqmreSy the dust and ashes whidi it 
leaves, and the tendency, when neglected, to produce 
back-smoke if the circulation be not mmntained in 
proper force." In connection with the same subject he 
states — " The following points require especial atten- 
tion in the construction of the common fireplace 
1. It should be provided with an independent supply 
of air entering in its hnmediate vidnity ; 2. An open 
fire-place, imless the air enters from the ceiling, often 
produces little or no ventilation above the level of 
the chunney-|deoe, and even then it does not afford 
the best and purest atmosphere ; 3. The air above 
may be comparatively stagnant, and offensive in the 
extreme from combustion and the products of respua^ 



* Art Ventiiation, £nc Brit., p. 897, 7th Edition. 
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tion, winle a fresh current moves along the floor to 

the fire-place." That the vitiated air arising from the 
gases and the products of respiration^ which ascend to 
the upper part of a room, are not easily dislodged by 
the open fu*e, nuist be admitted ; still, with all its 
faults, in winter it is congenial to the habits of the 
people, and tends to asfflst the purification of apart- 
ments. It JB, however, not at all an uncommon iMng 
to find its utility as an aid to ventilation frustrated 
by the chinmeys being closed with smokepboards^ In 
bed-rooms this should never be done: it is like stopping 
an engine's safety-valve. When it is done to prevent 
back-smoke, which chiefiy arises either from the want 
of a sufficient supply of fresh air to cause the warmer 
air to ascend the chimney, or from the air being 
drawn from it to support the combustion in some 
other fire-place, — ^the cause of the back-smoke having 
been ascertained, the proper remedy ought, if pos- 
sible, to be applied. 

One great fault often pointed out in the construc- 
tion of rooms is tiiat they are made too tight. Fresh 
air is sliiit out from the houses of the rich as well as 
of the poor ; — for no air can get into the rooms but 
by the crevices of doors and windows. It presents 
the idea to the mind that people can live without 
air; for the inmates of some houses are not satisfied 
unless the perceptible entrance of air is prevented* 
In a bed-room which came under observation not only 
was tlie fresh air kept out by means of a double 
door, but every crevice was air-tight, whilst a smoke- 
board effectually occluded the chimney. Such a room 
would reqmre to contain as much air as would keep 
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the sleeper afive tiU monung. It is to be presumed 

that it was not known by the occupier that a man 
may be poisoned by the breath tiom his own limgs. 
An. instance of m opposite kind was lately obeerred:— 
a fire was kept burning all mght in a confined bed- 
room without suffident air to carry on the combustion, 
and In the maming the rwm was foond to be filled 
with ba<&-8moke and the fiounes of sulphur and car- 
bonic oxide arising fix)m the fiiel, — while the sleeper 
waA found to be in a state of stupor, which in a 
short time might hare terminated in asphyxia. Such 
an apartment is hichly dangerous to any one, and 
those who have the charge uf children ought carelidly 
to goard against such mismanagement 

AIB K>B YENTILATIOK COUBINED WITH OPEN FIRltSL 

The for making use of the open fire to heat 
an external current of air in order to promote Tentikir 

tion. has been lately revived. The idea was lung since 
carried into practice, and was fiist proposed by Prince 
Bnpert in 1678, and afterwards improved npon by 
Cardinal Pofignac, who, under the assmned name of 
" Gauger," publislied a treatise entitled " La Mecha- 
nique du Feu." Dr. Desagnliers made a translation 
of Ganger^s work in 1716, and brought these fire- 
places before the public. In 1745, Dr. Tranklin ui- 
troduced a fire-place which he called the " Pennsyl- 
Tanian/' in which the descending fine of Prince Bupert 
was united with Cardinal Folignac's caliduots." Dr. 
Franklin complains, that his work havuig fallen into 
the hands of European workmen, his principle was 
misunderstood, and by pi-etended improvements the 

F 
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quairtity of fi:6th warm air entering the air*boK wm0 
preraited.*' Dr. Franklin admits that the idea of his 

stove was taken from the experiments of an ingenioiis 
Frenchman. In 1768 Franklin wrote to Lord £ames^ 
expreanng his opinion upon the improvements of chim- 
nies, and in 1773 he "vn-ote an interesting letter to Dr. 
Cooper, in which he throws out various useful sugges- 
tbns for combining heating with ventilation. In 1801, 
Sir G. Paul brought out his improved " ventilating grate.*' 
In 18 15, a plan was made public, improving on the 
preeedingy by having angnlar fire-eby tubes placed be- 
hind an iron plate at the back of tiie common fire, 
which plate communicated heat to fresh air, from with- 
out, adjoiitted into these tubes, the air entering the room 
at the sides of the chinmey-pieoe. Many other schemes 
for warming the air before entering the room have been 
proposed, such as pas^ug it through a hollow back in 
the fire grate; — and when cottages have been bnilt 
witili hollow waUs, making use of the void spaces 
for ventilation. 

*^ CaUducts," which had fallen into disuse h&ve re- 
oently been revived in consequence of the Bepcrt to 
the Greneral Board of Health by the Commissioners ap- 
pointed to inquire into the Waruiing and Ventilation 
of Dwellings," which Betum" was ordered by the 
House of Commons to be printed, 25th August 1857. 
From this Eeport it appears that a series of experi- 
ments was made at the Wellington Barracks, London ; 
and, amongst the plans recommended (p. 95), was *^ the 
distribution of warm air into the apartment from hot- 
air chai)ibers round about the grate.'* 

From the pcrKmai examination which the writer 
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fans made of these tomck-roomsy thd plan adopted 1M 

found to consist of an open lire-grate with a cast-iron 
back, having a caang behind, in which a rarefying box 
or closed briek chamber is placed to receive heat fronii 
the metal back and the smoke pipe of the grate. The 
firesh air is conveyed to the heating chamber by means 
of a small flat wooden conduit under the floors and 
the air thus partially heated enters each room by an 
oblong aperture above the fire-place, near to the ceil- 
ing. At the side of the fire-place there ia a fine as- 
cending from the celling, which is mndi more liUy 
to draw ofi* the warm air than to supply jfresh air to 
the persons beneath. It is expected that this plan of 
warming the air will enable in cold weather the direct 
inlets from the outer air to be closed." These ^firect 
inlets — ^perforations through the walls — are placed near 
the ceiling, opposite to the fire-place. 

The mode of wivnung the estemal air behind A 
grate, although it has been long in use, does nut ap- 
pear to have found much favour with the public. One 
of the earliest objeetions against ^ealidnets" at the 
back of grates was,, that they ^ bntnt the air,*' which 
operated for many years against their use. At a later 
period they were again introduced^ but were still com- 
plained of from their deteriorating the aJr. Im|»E^OT0- 
ments have since been made, but the great difficulty 
still exists of heating fresh air in this manner without 
its imbibing imparitiea from the fumes of oombostiony 
and tliere is nothing at these barracks to prevent this 
result. The air cannot be heated unless a constant fire 
is kept up^ ^tailing a considerable conmnnption of fuel; 
and when tiie fire bninfrlow during the night, oold air 



Digitized by Google 



52 T]aiDGoi:j>'s vbhtu^itob. 



3m 



wiU eamd in at the same apertmeB^ to the annoyaiice 

of persoiis near them. 

As it has been stated on the same authority (Par. 
Bep.) that it b desirable to have a direct sapply of 
air into every room, and to rsmoye from it an equal 
amount of spent air " rather than that the air supply 
wero derived from accidental sources, by which nr- 
rangement all whistling of windows^ preflBm!e upon 
doors, and cold draughts, will be greatly checked^ if 
if not quite prevented, some of the plans proposed 
for these purposes will be noticed. 

As the effisct of an open fire produces a fresh 
current of air along the floor without removing the 
impure air collected above^ various proposals have 
been made to draw off these products, and tfans rai- 
der more effective the ventilating power of the fire ; 
but these contrivances very often make no provision 
for the admis8i<m of air into apartments. One of the 
oldest plans used was a drcnlar tin ventilatiQr whih 
revolving vanes substituted for a pane of glass in 
the window ; but this had very little effect one way 
or another. AnotJier sunple mode of admitting air 
is placiiiu; a zinc plate perforated with small holes in 
the window of a bed-room or sitting-room. Another 
plan is to place a TentUator in the uj^per part of the 
window of a room, so adjusted by a moveaUe plate 
as to allow the escape of the impure heated air, and to 
prevent the current of cold air entering the room. 

TB£DQOU>*S YEMTILATOB. 

The subject was taken up nuae scientifically by 
the late T. Tinedgold, O.K, who bestowed mudi 
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attention upon ventilation.* He proposed an inverted 

siphon with one leg placed in the chimney near the 
fiiey and the other leg having its mouth with a re- 
gister at the ceiling; — that the air will ascend the 

warm leg and go up the chimney, and a descending 
current in the cool leg will convey the impure air 
Mtik the room. 

Fig. 2 shows a sectional ele- 
vation of this instrument. 

A, the legiBter at the mouth of the 
tahe at the ceiling of the room. 

B, the lowest part of the curve. 

G| the leg going up the ehimnej; 
heated by the fire. 

D, the mouth of the leg, with an in- 
verted cone to protect the 
mouth of the tube from falling 
soot. 

A few years ago Dr. Choune of London introduced 
to public notice his patent siphon ventilator, reviving 

the same idea. Dr. C. describes his invention as con- 
sisting in the application of a principle which he has 
found to prevail in the atmo^here, of air moving up 
the longer leg of an inverted siphon, and of entering 
and descending in the shorter leg, and this without 
the necessity for the applicalion of artificial heat to 
the lower leg. He says— I employ the chimney as 
the longer leg of the air siphon, which I arrange in 

order to veniilate a room ; and I am enabled to use 
the chimney, whether for the time being there is or 

is not a fire lighted in the fire-place of the room, but 
I prefer, when there is no lighted fire, that Ihe fire- 
place should be closed.** 

* Tredgold's Principles of Warming and Vent." 1886, p. 289. 
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DB. KEILL AIINOTT's YENTILATOB. 

Fig. d is a perspective yiffw of the fiame and balanced 
valve. 

Fig. 4 ie a aection of ihe samei showing the ventilator 
placed in the wall at the ceiling of the room — ^the 
valve opening into the chimnej. The same letters 
xefer to both figures. 



Fig. 3. 




Fig.4 




a a, The cast-iron 
box which is fixed 
into the wall at 
the ceiling of the 
room. 

hhy The firont fi-ame 
which carries the 
Valve attacked to 
the box a, hy 
means of screwB 

c, The flap valve 
which cIoBes the 
opening. 



dj The ball which 
balances the flap. 

The axle and 
its supports on 
which me valve 
turns. 

g A, Awinfttiached 
to the valve, re- 
gulated by ascrew 
below, by pulling 
which the valve 
is more or less 
shut but still free 
to move within 



the Jimit left. The valve axle may be lifted out of 
its * 



Digitized by 



ABNOTT^B ¥XNTILA!!rOB* 



B6 



Br. Amotty bk a letter addreaied to the Tines is 
1849, states that he had recommended to Mr. Joseph 
Toynbee, the medical officer of St. James's parish, the 
adyantages of having aa opening made into a diimney 
floe througii the wall near the ceiling of a ro<nn, — 
and for years he had recommended the adoptiou of 
such ventilatiDg chimney passages. Mr. Toynbee, in 
a localily densely inhabitedi had openings made into 
the chimney flues of rooms near the ceilings by re- 
moving a single brick, and placing there a piece of 
nise ganze widi a light curtain or flap hanging against 
tlie inside to prevent Hie issue of smoke in gusty 
weather. " The effect," says Dr. Arnott, " was so 
remarkabiey that there was an extensive demand for 
the new appliances, and Mr. Toynbee had soon to re- 
port in evidence l)efore the Health of Towns Commis- 
sion, both the great reduction of the number of sick 
applying for relief, and ni the severity of diseases 
OGcnrring.'' 

The utility of tha plan seems to have been admit- 
ted ; for the Board of Health, in one of their notifi- 
oations, which was pnUished in the Gazette in the 
autumn of 1849 when the cholera was racnng, inti- 
mate ttiat in badly ventilated houses, considerable 
and immediate relief may be given by a plan suggest- 
ed by Dr. Amott, of taking a bridk out of the wall 
near the ceiling of the room, so as to open a direct 
conmranicalion between the room and the chimney." 
With respect to the iron frame and valve known now 
as Dr. Amott's vontilator, the Doctor remarks — ^* I de- 
vised a balanced metallic valve to prevent, during 
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the use of firea^ the eseape of enioke into the room. 

The advantages of tiic openings and valves were so 
soon manifest, that the reterees appointed under the 
Building Act added & cUmse to their Bill allowing the 
introdnetion of Ihe Talves and directmg how thej were 
to be placed — and they are now in very extensive 
use/' 

AUhoagh these T^tilators are not in every case 

successful, yet in many instances, when the apertures 
are properly adjusted and the chimney has sufiicient 
draught, Ihey answer the porpose intended ; but their 
appearance and risk of blackening the walls in fine 
rooms will always operate against thdr general appli- 
cation. 

The utility of Amott's ventilator arises in a great 

measure from its action being spontaneous, — wliich 
brings the fact prominently forward, that to make 
yentilation in private houses really usefiii, it must act 
at all times spontaneously. Any call upon attention, 
even such as the opening of windows, or tlieir regu- 
lation in a particular manner, will be apt to be ne- 
^ected, more especially in places where tiie inmates 
cannot at once perceive the reason, or that any 
apparent advantage is to be derived from the addi- 
tional trouble required. Even the brick opttorngs be- 
fore described may be dosed up, and balanced valves 
rendered nugatory. 

GLASS VfiNTILATOBS. 

Of late years plates of glass have been much used, 
acting like a v^etiau blind, which are made to form 
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a pane or panes of glass in a window witiiout ihter- 
ftring with the light, the cmrait of air being easHj 

directed by the plates upwards or downwards. They 
afford a neat^ simple, and convenieht mode of admit- 
ting fifesh air directlj Into nxnns. By the judidons 
arrangement and management of these ventilators, they 
may be made to establish an inward and outward cur- 
rents in a rooitty without tiie necessity of opening win- 
dows nnless a greater supply of air were required. 
They are, however, liable to the same objection that 
(^en windows present, — that when . peo]^ sit near 
ihem tiiey will generally be fonnd dosed, because tiie 
warmer the rctom the greater the rush in of cold sir 
to restore the equilibriiun. Moore's patent lever ven- 
tilator, made of glass, is on the plan now menlioQed, 
witJi llie k>nyrp8 so arranged as to throw tiie air tip- 
wards or downwards. tSome of these glass ventilators 
srtf amuiged to slide upwards and downwards. Sher- 
ittg^uun's Toilalator, for the admisnon of pore air through 
an external wall, is a simple contrivance consisting of 
a frame with a regulating valve. It is very mudi the 
saibe as Amott's ventilator, placed externally. 

Anotiier ipkxi of ymtilation, but only embracing 
one point of it, has been lately presented to the pub- 
lici following up the old custom of havuig tiie cottage 
fire in tbe middle of the a|»artnient. It is a plan 
adopted in America for the ventilation of school-rooms. 
The chimney in the middle of the room, which carries 
off the smoke from the stove, has a second chimney 
round it, and the inner chimney heats the air of the 
outer one, which is tapped at the upper part of the 

o 
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room to allow the heated and unpuie air to pass Into 
it, and the ascending cnnent thus created in die onter 

chimney rids the room of the vitiated air. 

Another plauy brought forward about ten years ago 
before the Society of Axta, London, by Mrs. Vailey, is 
deserving of notice under this head. It consists of a 
perforated sdnc tube connected with the external air, 
gnd passing round three sides of tiie room, at tiie cor- 
nice; the feorth side has a ccnresponding perforated 
tube on its coruice with its exit into the chimnej; 
tibis canies off the vitiated air by means of the as- 
cending ourent of the dumnej. It has been stated 
that this plan has been successfully tried at a school- 
room in London where 200 children assemble. 

Various other modes of admitting air have been pro- 
posed ; but in winter all these schemes generally prove 
abortive, and are no better than the open window, which 
in summer is refreshing, but in winter efiSensiTe. Let 
no one be misled as to the efficiency of many of these 
contrivances, however useful some of them may be in 
promoting partial ventilation. It must be in^[aeaBed 
on the reooUecdon that fresh aor cannot altogether 
change the air of an apartment unless means are pro- 
vided for the ready and free escape of that which has 
been vitiated; in other words, the supply and dis- 
charge of the air must be regulated by properly pro- 
portioned apertures, either natural or artificial. 

ROOF ESCAPES. 

A fpw of the contrivances which liiivr been sug- 
gested to assist spontaneous ventilation may be no- 
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tloed, sndi as the different kinds of ventilatorSy 



Fig. 5. 



Fig. 6. 




or iritiioat irind 

vanes, tuincaps 
(fig. 5), cowls, 
hoods, or air- 
escapes (lig. 6), 
louYres (fig. 7), 
and T6ni 
tubes, seen 



the tops of buildings. Some 
of these are vseM auxiliaries 
for the free discharge of the 
foul air into the atmosphere; 
but it is not possible by any 
snob arrangement to effect the 
object of proper yentilation, al- 
though it greatly adds to the 
focili^ of it. Some ray neat 
dfifflgns for Four-point Yentik- 
tors have been published by Mr. Mmr, Manchester. 



Modi jel lemains to be dine to place tlie ven- 
titetion of domestic dhreHiiigs beyond Hie caprice or i 
taste of individuals. It would require to be incor- 
porated in the construction ef the building, cheap and 
sdf-aeting, not HaiUe to get out of ofder, and re- 
quiring no care whatever from the inmates. The 
wealthier classes do not suffer much, perhaps, in their 
domiciles from the neglect of ventilation, but many 
medical authorities • point out the necessity of atten- 
tion to it in the construction and management of 
* Sir James Gburk, Dr. Amott, &o. 
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hoQMS, and that earelol oooaidenKtioii be given to' the 
piirity of the air breathed by the inmates ; for where 

ventilation is imperfect the gaseous products are highly 
pemicioua^ whether arising from exceflfiive iUmninatioD, 
or from the kitchen, smoky chimneys, or drains If 
the piu'e element is required in thf houses of the rich, 
it is still more re4uired in the dwelMg oi the artizans 
and the peasanty as in the hitter there are more de- 
terimting csoses in exislence to render the air pntre- 
scent ; — the effluvia from animal and vegetable matter 
-^ven the want of perocmal or domestic ftWuiinft—, 
eontammate tiie very walls and ftradtore of a close 
apartment. A great deal is said about improving the 
social portion of the working classes ; but unless they 
possess dean, oomfortahley well-aired dweUrngs, little 
improvment can be expected. The haUts of men, 
and even of generations of mankind, are greatly in- 
fluenced by the state of thev dwellings. Its effect will 
be to make them sob^ and industrions, or perhaps the 
reverse. It has long since been observed that vitiated 
air greatly increases the tendency to intemperance. Dr. 
D. B. Beid* says that the evil efioto icesnlting from 
excess in many cases do not arise fiom taking more 
than the constitution inquires, bnt from the vitiated 
ahr with which the ^stem is iisaaUy snnmmded. All 
fsttional means should be adopted to improve the dwell- 
ings of the labouring classes : if there is disconifurt at 
home, it will drive the inmates to seek com£;Ht else- 

* Beid's UlnstrationB, p. 180. — Examples an given to show that 
mndi more food end drink ean be taken in a room which if well 
aired, than in one which is not Hence the increase of appetite 
felt by these taking much ont-doer ezenise. 
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wliere. It is in Ttm to think that any plan of aanir 

tary arrangement, however good — ^that any plan of 
yentiiatioD, however perfect^ will improve the social 
poflition of this class — unless, while you tell them of 
deanliness and comfort, you place these two ardctes 
within theu" reach; and surely it is the duty of the 
dvil magistrates in crowded cities to look after the 
domiciks of the labouring classes. As no efficient 
system of spoiitajieous ventilation is likely to be ap- 
plied without attention, this fact must be impressed 
an the minds of all classes^—- and tiisn any attention 
required in its operation would not be neglected. 

BENOVATiON OF AIB. IN CLOSE ROOMS. 

Reference has been made at pi^ 27 to the amount 

of fresh air required in order to maintain a healthy 
atmosphere in dose apartments. The opinions which 
were oiiginally entertained on this subject have Tar 
ried greatly in recent years. TredgoM considmd that 
about three cubic feet (but the quantity depends 
on the puii>oae to which the building is applied) 
should be changed per minute for each person. Dr. 
D. B. Reid, whose opinions arc descrying of every 
consideration^ states that not less than 10 cubic feet 
per minute should almys be allowed for eadi pmon 
when it is at an equable temperature. This implies 
that the air in winter should be raised in temperature 
fodbre its admission ; or, in other words, that an arti- 
ficial atmosphere is to be formed, which is to be puri- 
fied and regulated in moisture. The Report of the 
Commissioners referred to at p. 50, reconmiended that 
15 to 20 cubic feet per minute should be allowed for 
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each ooeupant.* In the same Report, at page 98, it 19 
stated — *^ As the questikm of health is one of the veiy 

first importance, Ave liave paid very particular attention 
to the present defective state of barrack aeconunoda- 
tion. The space allowed for 16 in the Wellington 
Barracks is 33 feet long, 20 feet wide, and 12 feet in 
height. This gives an area of floor surface equal to 
660 square feet, and oontam» in cabic contenta 7,920 
enbic feet; eadi man wiU therefore have 41*6 square 
feet of floor, and about 500 cubic feet of space." . . . 

Now, it is evident that a man reqniresy accord&iig to 
the best anthorities^ at least 10 cubic foet of air per 
minute, but in close rooms, and in order to retain 
the atmosphere in a healthy state for respiration, it b 
found that 20 cuUc foet is not too mnek. This being 
the case, it will be seen on referring to the experi- 
ments in the Appendix, that the quantity of air con- 
tained in one of the beirack^rooms will be expended 
hf 16 men in 25 minutes, or it would require the 
cubical contents of the whole room replenish t^d in 
that time. Viewing the subject in this light, we 
find, in 1^ Gonstraction of those rooms, that there 
are no means provided for a supply of air at all 
equivalent to the consumption that is continually going 
on during the hours of rest, or when tiie whole men 
happen to be in the room for any length of time. 
Under these circumstances, instead of having a supply 
of 20 cubic feet of fresh air per man, they cannot 
by posability, when the door is shut, have one-fourth 
of that supply. Living and hreathing in such an at- 
mosphere, impregnated with the impurities of putre- 
* Par. Bep. 1857, pp. 94, 130. 
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soent bodies or effluvia px)Geed]iig from the limgB of 
80 many persons in a small space, is quite sufficient to 
account for the uniiealtliy state of the anny, and the 
consequent ii^uries which an atmo^ere of this kind 
most eyentusUy and at no distant period, entail upon 
the health of those subjected to it." 

Hie Victoria Hospital Hot soldiers, recently erected 
at Netiej near Southanqpton, affords an example of 
the attention now paid to the neoessitj of allowing 
ample space for respiration. The length of this build- 
ing is 1424 feet^ its height 50, and there is a corridor 
on each floor miming the entire length of llie building ; 

aiid from this corridor access is obtaiiied to the ^-a- 
nous wards and apartments. It is calculated that each 
man will have allotted to him from 1500 to 1900 
diUc fert of MpBce, 



Part IL 

▼ABIOUS ILLUSTBATI0K8 OF VBMTILATIOK. 

The appliances for maiUng the most of doors and 

windows and fire-places have already been pointed out ; 
and in general these are the only modes for ventila- 
ting existing boildmgs. Of late years, however, a 
system has been adopted of having air-flues or con- 
duits made in new buildings, especially if intended 
for public purposes; and it is of advantage to have 
these constmcted in such a manner that the volume 
of air admitted or discliarged be placed under control 
and regulated at pleasure. 
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AIR ADMITTED^ AHD RBaULATEB BT BABOMBmC PBBMDBB. 

Dr. Reid considers that the quantity of air to be 
admitted ought to be legakted by the barometer; 
"ibr the amoimt of air regulated by atmoapberic 
pressure supplied to the blood in the lungs varies 
at each inspiration according to the density of the 
atmosphere inspbed, from this cause that more air^ 
by more frequent inspirations, may be requisite when 
the barometer is low, that a proper suppij may be 
obtained." The diminution of preasur^ as indicated 
by the sadden fidi of the barometer, is considered 
by medical men to predispose to some of the mala- 
dies to which the human frame is haMe ; and in some 
pectdiar cases of disease benefit appears to be detiyed 
from a change in the denmty of the atmosphere. 
A sudden change of pressure produces well known 
eflfects upon stagnant ponds^ maishes, and drains, and 
upon the fire-damp of mines, in which a diminished 
pressure causes the liberation of pent-up gases. 

The attention of physiologists seems to have been 
long directed to the effect wliich condensed air has 
upon the human frame. It is well known that the 
mercury in the tube of a barometer falls as the eleva- 
tion of position increases, whether by ascent hi a balloon 
or to the top of a mountain, and that this is due to 
the diminution of atmospheric pressure. Thus the ba- 
rometer, which indicates 28 inches at the level of the 
sea, shows only 24 indies at the top of Mount St 
Bernard in the Alps ; and water, which at the former 
level boils at 212®, boils in the latter at a much lower 
point. Thus, by the rarefaction of the air by heat, di- 



Digitized by Google 



TSmUSSCB 09 OOmiHBID AUK. 65 



mi 



minntioii of pressure ensues and siiiiOar lesnitB are ob- 
tmned. So far back as 1677, Dr. Henshaw, F. R. S., 
proposed a plan to cure diiieases by having a cham- 
ber so constmcted that those within it were siibjected 
to the influenoe of an air-pnnip by which the atmo-^ 
sphere coiild be either condensed and made heavier 
by forcing air in, or lighter by conveying air outw 
In reoent years Dr, A. Ure has pointed out the infia- 
ence which air by diminished pressure or rare&ction 
has upon the animal frame. He mentions that the 
esqperiments of M. Junot^ of Paris, prove the adyan-^ 
tages of compressed over rarefied air. This is corro- 
borated by the sensations experienced at increased al- 
titudes from the more rapid circulation of the bkKKL 
The reason why rarefied air is not so salubrions as 
dense air, is because the latter, in equal bulk, contains 
more oxygen; and hence more frequent inspirationB 
mnat be made ul rarefied air in order to supply an 
equal amount of oxygen to the blood. 

ABTIFICIAL ATMOSPHERBS — OUGHT iJB TO 
BE FBEVIOUSLY WABMED. 

This subject is well deserving of attention, especially 
in regard to places where many persons are congre- 
gated* But artificial atmospheres of equable temperature 
for the general purposes of yentilation are next to un- 
attainable. In spontaneous ventilation^ in ordinary cii- 
cumstanices^ it becomes a dif^onlt matter even to have 
the ahr warmed at aU beiore its admission, and several 
highly important questions upon this |»oint present 
themselves for consideration. These are, Jirst, whether 
the air itself is not rendcared less rather tiian mom 
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flalubrious by its previous ravdactioii ; ueondy whetiher 

it ought to be previously wanned, filtered, moistened, 
and regulated in temperature, before its admission to a 
boose or building — that is, whedier we shall give air 
and heat combined ; or, thirds whether it is better to 
have the warming aiid ventilating processes separated, 
to raise the temperature of the air of the f^artm^t 
by means of heat radiating from a moderately heated 
surface within it, and to keep the ventilating tirrange- 
ments separated — ^that is, in other words, to admit fresh 
air as it exists external to the building. Much may 
be said upon these heads ; but it has been urged irith 
strong i-easons, that the air itseit' is less deteriorated 
by separating the processes of TentUating and heatmg. 
The late Mr. Robertson Buchanan, C.E., who possessed 
great knowledge and experience, has given his opinion 
very decidedly in favour of not warming the air pre- 
vious to its admission, in his work on Heat published 
some years ago. Thus he says — ^ It has been pro- 
posed by some to heat the external air and throw it 
into the apartments in a manner amUar to some kinds 
of stoves ; — supposing that by thus combining ventOa- 
tion ^vith heating, it would be more salubrious. But 
this would be obtaining heat at a very great expense of 
fuel, and be losing one very important advantage which 
attends the heating by pipes, viz. that the heating may 
be kept perfectly separate from ^e ventilatmg process, 
so that each may be managed separately, and no more 
heat or ventilation given than is reqmred. Whereas, 
on the other plan, there must always be nearly the 
same ventilation, whether the external air be dry or 
damp, warm or cold. When damp, a great quantity 
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of moistiire must be throinm into the building, which 

will require additional heat to suspend it in order to 
prevent it Irom being injurious; and when the air is 
drjj the current of air will cany in dust along ini»k 
it I would tiierefbre reoommeiid producing the current 
fi*om the rarefaction of the air within the building, and 
ventilating hj the window^ or some other proper open- 
ings &r the purpofle." 

Tredgold seems to have been much of the same 
opinion, for he says — " Warming the air which is 
actually in these places, is better than throwing in 
wann air, for less fuel is reqmred and better ventila- 
tion is effected by warming the air, and it is much to 
be preferred to the plan of drawing air from the base- 
ment or area of a house and wanmng it ; for such air 
is too frequently stagiiaiit and unfit to be introduced 
into a dwelling-room. Whenever warmed air is to be 
introduced, it should be brou^t from a higher leTd, 
where it h freqneirtily changed by the winds."* 

It has been mged by other writers, that by raising 
the temperature of the air before admitting it into the 
rooms, its power of absorbing moisture is increased in a 
very great degree, and gi'eat attention is then required 
to he paid to the hygrometrical condition of the air, 
and that it be supplied with moisture to render it 
wholesome. It has been urged that the warm air 
entering tiie apartment does not readily blend with 
the air within; from being at such a different tempera- 
ture, and rising on account of its rarity, it ascends 
rapidly to the upper part of the room, leaving tlie 
lower part of it cold. 

* Tiedgold, p. 159, thitd eaitton. 
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MOIBTDBB A OOKSIDBBATION III TKNTILATION. 

Whether it be admitted that it is better to hm 
the air warmed preyions to its entnmee into a room, 

or tliat it is better that it should be admitted in its 
natural condition and warmed aiiterwards from radia- 
lang sm^aoes^ one thing must be apparent^ — >tIz. that 
conaidera1a<m should be given to the dement of mois- 
ture in the ventilation of buildings. As the capacity 
of air for the absorptioii of moistme increases with its 
lureiactlon and motion, it most ez^ mudi influence 
upon the liuiiiiiu iiame. That evaporation is rapidly 
increased by heat, is at once shown by the fact that 
when a person in damp cbthes goes near a fire he feels 
a chiQing coldness, because the air absorbs moistore 
in a state of vapour, and the vapour requires a great 
quantity of heat in the latent state for its fi>nnatkHi; 
hence the paradox of a penon feeling cold when e&ter- 
i]ig a warm room. Cattarh is thus more likely to be 
caught in damp than in dry weather. The sensations 
of heat and cold are often faUadons indieatifflis as to 
the red temperatnre of the air. 

A certain amount of evaporation is essential to 
health; but when too much moisture is abstracted 
firom the surfaoe of the body, it produces the wearied 
sensation upon the eyelids, the lassitude and headache, 
which are experienced in crowded places such as 
ehorches^ theatres, and baU-rooms. As the elevation 
of temperature of the atmosphere gives it the power 
of absorbing a larger quantity of moistore, — ^in such 
cases as tiiese, when the natnnd supply to the air 
must be unpeded, tiie air enteiiDg the longs and re- 
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spind at the mufoxm tempentnre of W will abeorb 

from the mucous membranes of the nostrils, throat, 
and air-passages, the moisture its temperature requires^ 
• thus caiuiiig inmased adaoiiy nBpleasaiit seim&my and 
tendency to disease. These effects are likewise expo* 
rienced from harsh, dry, easterly winds; — no matter 
how high their temperature, they produce these evils 
from their having a low dew-point and not containing 
a sufficient qiuintity of moistiii'e. It is mentioned tliut 
in an asoeut of Mont Blanc the effect experienced from 
the increased nuce&otion of the air was^ that 1^ quan- 
tity of moistnie lost by respiration was so much in- 
creased that the thi oat became parched and the thirst 
intctoable— the air itself was as if thirsty, and its ex- 
treme dryness de(«iTed the body of its moisture. 

Many devices have been employed to detect the 
presence and amount of aqueous vapour in the atmo- 
qibere. The instmments used for this parpose axe 
ealled hygrometers— -contrivances of obvious utility for 
ascertaining the humidity of the atmosphere, whether 
in its nonnal condhaon, in oociqpied buildingi^ or in 
the green-house. It would be quite out of place in this 
work to enter upon a description of these instruments, 
many ot whic^ display great ingenuity. The expan- 
sion and contraction of hair was employed by Saoasore 
in the construction of hygrometers, and De Luc used 
whalebone for the same purpose. Professor Daniel's 
hygrometer, eonosting of small g^ass balls, is weU 
known. EHier is employed to produce evaporation, 
and to cool one of the balls, until a condensation of 
atmospheric moisture takes place on its surface. The 
temperature at which this occurs is called the dew- 
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point There are many otiier hygrometers, each as 

Pouillet's, Iliittoii's, M. de la Rive &q. It must have 
been known for ages that humid air wets bodies which 
are colder than itself, though it has not been lon^ 
known that dew or hoar-irost affords the most nmver^ 
sal example of this all the world over," ^ The an- 
dents appear to have conjectured that a oopoiis de- 
position of moisture on cold bodies prognosticated bad 
weather ; but the fii'st step, perhaps, towards itpply- 
ing this prindple to the construction of the hygrome- 
ter was made by the ilorentlne Academicians, who 
having suspended in the open air a conical yessel 
filled with snow or icC; supposed the humidity of the 
air to be proportioned to the quantity of m<M8tare^ 
which, being condensed on the exterior snrface of the 
vessel, trickled down its sides and dropped from the 
apex of the cone. This, however^ would afford but 
a yague estimate of the humidity of the air." ''The 
same idea was further improved upon by M. Leroy of 
Montpelier, who by dropping ice into water contained 
in a vessel wiHi a bright exterior snrface, gradually 
lowered its tempmtnre till dew began to be deposited 
from the contiguous air on that surface. The tem- 
perature to which the vessel is thus brought at the 
moment of indpient dq>osition, is obviously the tem- 
perature to which, if the air were cooled under the 
same pressure, the vapour in it would be in a state 
of saturation, or ready to deposit dew upon anything 
in the least degree colder iStm itself. Sudi tempera- 
ture is therefore denominated the dew-point/** 
If there be a great dquurture from the proper 
* Enoyc. Brit, VoL xii., p. ISO^ 7fli Ed. 
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degree of humidity afc mj temperatarey the air In- a 
room wffl be either too dry or too damp for healthy 
and agreeable respiration^ and more paiticularly to all 
the oecupants who are in any my subject to pulmonary 
affeotioiis* Dependent on the hygrometrical state of 
the air, is the amount of vapour carried off from the 
lungs at every i*espiratiou, and that which is ^dialed 
from the skin. With a low dew-point, and a high tem- 
perature of the au', a large quantity of \apuar is 
carried off from the lungs, and hut httle exhaled 
from the skin; with a hi^ dew-point the air will be 
a mudi less powerful absorbent of moisture, and will 
therefore absorb less from the lungs, while the exndar 
tions from the body will be greatly increased. Ex- 
cessive heat, moisture, or dryness of the air, destroys 
its salubrity and acts injuriously upon tlic cinimal sys- 
tem. The general temperature of the air of au inhabited 
room ^aSim little with the season, and is usually at 
about 60° in winter and 65* in summer. When the 
watery vapour exceeds 80 per cent, of the total pos- 
ttble quantity of moisture which the air can retaiui 
evaporation from tiie lungs and the sldn is ehe^^ted ; 
when it is below 50 per cent, the exchange proceeds 
too rapidly, and unpleasant sensations of dryness are 
experienced.* 

The amount of water necessary to render it healthy 
and agreeable at these temperatures may be inlerred 
from the following conadanitions. — The quantity of 
moisture dissohred in the air when fully satmrated will 
vary as the temperature. — "Air between the tem- 
peratures of 30"* and 70'' has its capacity lor mois- 

• Par. Bepw 1857. 
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tore doubled for an huareaBe of less than 20^ of tem- 
peratnre;— at 30*, ivlien satnrated with moisture, it 

contains 2 grains to a cubic foot; at 41® it contains 
8 grains ; at 49° it contains 4 grains; at 5 grains; 
at 66% 6 grains; and at 70*, 7 grains. When, there- 
i'or(% tlie air of a ruum is heated sufficiently at. times 
wiien the extemaL atmosphere is at a low temperature 
and conseqnenify contains y&j litde mdstare in the 
inyidble state of Taponr, the air becomes yery dry, 
and this extreme aridity causes a rapid absorption 
from the akm and lungs of the occapants of the room; 
the loss of heat caused by tins rapid eraporati^m con* 
tracts the blood-vessels at the surface, whilst others 
not exposed to its influence are surcharged with the 
fluids driyen from the extremities." 

It is therefore absolutely necessary that water be 
present in the air to the amount of little less than 3 
grains at 50°, 4 grains nearly at GO", and to more 
than 5 grains at 70^, in every enbic foot of air. 
These amounts of moisture will be present when the 
wet-bulb thermometer reads about 45°, 54**, and 63®, 
respectively; when the dry*bolb reads 50% 60", and 
70^ giving dew-points of 40*', 49*, and 58", saccea- 
sively, or a degree of humidity about 60 when com- 
plete satmntion is represented by 100. 

If the air in a room cannot escape freely, it will 
absorb the vapour given olF from the skiii and lungs, 
and the additional humidity imparted to the air will 
eanse an increase in the degree of moisture, sopposmg 
the temperafcare in the room to remain unchanged ; the 
air becoming too damp is one of the evils of defective 
yentalataon. This is seen when the walls of a crowded 
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room loin down mth moisture, indicating that the air is 
satui'atcd ; and condensation ot vapour takes place from 
the waUs bdng colder than the amrDundiiig atmosphere. 
This aqueous Tapour depoated on tlie walls is chiefly 
evolyed from the lungs and skin, combined with car- 
honic add gas. It impregnates both l^e walls and the 
fhniiture with rickening effluvia, and on account of its 
levity, it, in the first instance, ascends. The air may 
thus become too moist as well as too dry, and both 
extremes are hogurionft to health* Thus may noxious 
efflnvia and miasmata be re-absorbed into the system 
and conveyed into the blood. A stagnant, moist at- 
mosphere Ulus becomes by absorption a poisonous one. 
The tmtib of tiiese statements is illustrated in nature 
by the effects produced in different localities and cli- 
mates. In an evaporating air the atmosphere is dear 
and dry^ and if not too dry 18 more salubrious ihan 
when the air is saturated with moistm'e; for when it 
reaches the dew-point evaporation ceases and absorp- 
tion takes place. It ia shown by the experiments of 
Didton that eyaporadon is increased by the motion 
of the air. He found that the evaporation from a 
cubic foot of water in cahn weather is only 22^ grains^ 
while in a mDderate breeae it is 29 grains^ and in a 
high wind ?j5l grains. Th(^ effect of being long confined 
in air saturated with moisture may be observed in those 
mann&cturing employmeDte i^hexe the air is ccnstaaUy 
impregnated wkh 1^ vapour arising from steam or hot 
water, in producing disease of the glandular system 
of the human frame ; and it is well known that when 
people Itye in damp under-ground housea or ceUarSi 
they suffer in health from it. 

I 
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THE DBYINQ EFFECT OF DIPFKRBNT BBATIKO flURFACBB. 

From tiie j^reoeding observations it mH be sppar 
rent that it is the degree of temperature to irhidi the 

air is raised that produces its drying or evaporative 
action; — hence in producing an artificial atmoq>here 
in apartments, the degree of m<n8tore to be impairted 
to it should be in exact proportion to the degree of 
temperature of the air in the apartment; for the air 
may be rendered so dry and greedy in its action, or 
what is termed its capadty ifor moisture may be so 
increased, as to render it unfit " for the healthy re- 
spiration of human beings or of plants/' This bdng 
generally known and admitted, the author finds it 
stated in one Scientific .journal,* that " it is nut of 
the smallest importance how the increased temperature 
to the air is given — whether by an air-stove^ or by an 
open fire-place, or by steam or hot water pipes; the 
drying efiect is exactly the same, and exactly propor- 
tioned to the degree of temperature to which the air 
of the apartment is raised/^ 

Surely there is another element which comes into no- 
tion in the effect of these difierent heating media, though 
the drying effect may be the same, which may render 
them more or less injurious. It is a well-known and 
admitted fact that the atmospheric air in contact with 
heated surfaces of iron undergoes two chemical changes : 
— ^Urst^ at a black heat of about 300" Fahr., a partial 
decomposition commences, by the burning or scorcMng' 
of the dust mixed with the atmospheric air (visible in 
the sunbeam)^ which is chiefly composed of anunal or 

* Trans. Boyal Soc. of Arts, 1859, p. 89. 
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vegetable matter; — in the second stage, or when the 
iron reaches a red heat (often visible in stoves, even 
in daj-light), say 700^ of Fahrenheit, complete decom- 
position talces place ) the oxygen is rapidly consumed, 
forming uu oxide on the surface of the metal, and the 
va{>ours are converted into hydrogen or carburetted hy- 
drogen gas. The rarefied air which passes from IhestOTe 
must be chiefly composed of nitrogen, and the effluvia 
arise from the burning of the lloating matter. As 
hydrogen is of itself inodorous^ the smell is more like- 
ly to be produced by the carburetted hydrogen disen* 
gaged by passing over tlie heated iron surface, or by 
the decomposition of animal matter. To inhale such air 
even for a short time must be highly usurious to 1h& 
human frame. The effect, however, is not generally 
perceptible, and it is in some measure modified by 
the rarefaction of the air, which partially retains it at 
the upper part of the apartment, while the increased 
capacity for moisture causes tlie wai*m air to receive 
more rapidly back its oxygen, and remixes it with 
atmospheric air. It is incorrect to say that the ^ct 
of all heating agents is alike. The combustion of coal 
gas will dry the air, but in doing so it iiyures its 
purity by ftAtiipiTning tiie oi^gen and producing car- 
bonic add gas. In llie preparation of artificial atmo»> 
pheres, stoves ai-e unquestionably the most pernicious 
in imparting diying properties to the air, and hot 
water is preferable to steam-pipes* or gas heat 

* By an ingeniom Mnuigement Mr. A. W. PerUnB of London 
modifioB the temperature of his patient hot-water pipes to any de* 
gree, liy pad.sing the flow-pipea from the fomaoe thtongh tanki of 
cold water. 
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Fonrrs wrdu which aol should bb takev. 

Anotiier sdbject desenriBg of oooadention when 
making venlalating arrangemeiits is to take advantage 

of the prevailmg winds, and to admit fresh air into 
buildings by means dther of oondnits or flues only. 
This point has long engaged the attention of sdenr 
tific men, but as rep^ards general ventilation it is a 
question more dependent on local circumstances than 
on theory. Whaierer the air at a low level is loaded 
with moisture and noxious eidialations^ it diould be 
avoided. Dr. D. B. Reid and others, in order to get 
rid of this risk, and to obtain the purest air, popose 
rather to take the £resh aur from the highest altitude^ 
but avoiding chinini ys. 

To show the length to which this subject may be 
earned^ it may be stated that Dr. fieid proposes that 
extenmye public erections be made in towns, to draw 
down a comparatively wholesome atmosphere fix>m the 
heij^t of 200 or 300 feet — an object^ he says^ of con* 
siderable importance. In large towns Uke London and 
Manchester, where local impurities abound, special 
means may be adopted timt are likely to be most ef- 
ibctnaL He further suggests that Alter beds should 
be constructed, so that the air may be filtered through 
any porous texture to exclude suspended soot It 
may be washed witit water, pertioukurly Hne-watery to 
fix sulphurous add snd other gases, and admitted 
at the lower part of the building. These schemes, 
although gigantic, deserve due consideration, espedally 
in Uurge manu&efeuring cities, where the air is chaiged 
with impuiities. These \iews are in some degiee sup« 
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ported in the Beport of tlie evidence taken by a Com- 
mittee of the House of Commons in 1835 on the ven- 
tilation of the Houses of Parliament, — the summarj of 
wiiich that the atmoBpherio air ahonld be leceiTed 
into a chamber of preparaticm at the basement, from a 
locality where the air was eutiiely free from damp or 
smeilB of any kind, and be taken from a higher rather 
than a lower level ;<-4hat the ventalation should be so 
aiTanged that it could be combined with or separated from 
the wanning chamber, — and that it should continualiy 
<^eratey and constantly afford a pore wholesome atmo* 
sphere pervading the house, breathing into and flowing 
through it, and that the inlets and outlets should be 
under efficient control 

These opimons, resulting firom the evidence of scien- 
tific men, would be of very great importance if they 
could be acted on. It is obvioasy howeyer, that even 
if carried into e£Eect, there are very few buOdings in 
the kingdom to which they arc applicable; yet although 
it may not be possible to adopt the whde, such sug- 
gestions may be taken advantage of as seem expedient 
in the drcumstanoes of the particular building. It is 
also obvious that these suggestions are more adapted 
for apartments or houses in which there are many oocu- 
pfnts, than for houses in open localities where' there 
is at all times an abuDdant supply of fresh air. 

Although the Report just referred to was specially 
•directed to the Houses of Fariiament^ yet a few years 
have brought about many dianges both in the plan of 
ventilating and heating them, as will afterwards be 
noticed. So far as regards private houses they are 
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almost nugatory, as they involve a system of arlafidal 

ventilation, whereas for these the object generally soiiglit 
is to accomplish most readily ventilation by spontaneous 
methods. It is neoessaxy, theidbrey to ftll back upon 
what are oonsidered the simple elements of v^mtilatioii. 
The next step beyond the window system is merely an 
extension of it. It is to provide openings at different 
levds in the apartment, and to cause cold air to 
come in at the lower aperture, and to permit the hot 
corrupted air to escape at another opening at or near 
the ceiling. This is the general idea, — and no donbt^ 
when the apertures are properly arranged, spontaneous 
ventilation may in some degree be obtained. But in 
an instance which lately occurred^ where a tube was 
led from near the ceiling of a adiool-room to the out- 
side of the wall, the constructer was surprised when he 
found the cold air rush in, instead of the impure warm 
air going oat. He had overlooked the &ct that no 
provision had been made for the inlet of air below, 
and the room being warmer within, the cold air rushed 
in as before explained, to restore the equilibrium. 



ASCEKDINa U0VEUB3VT OF THB AIK OOHSIDBRED. 

As some difiisrenGe of opinion exists as to whether 

the fresh air should enter the apartment from below 
and the impure air escape from above— which is the 
nataral law— « few opinions of sdentific men may use- 
fully be adduced to corroborate the author's views on 
this point ; but it will be more fully illustrated in 
another diapter, in idiich some of the buildings are 
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described where a domnnurd circoliilion of the air has 

deen adu^ ted. 

Tredgold remarks (page 73) that the heavy gas 
(carbomc add) will be so mixed with azotic gas and 
vapour, both of which are lighter than air, that tiie 
combiuatioii must ascend and occupy the upper part 
of the room, and will cool and mix with the air of 
the room if not allowed to escape, while its increased 
temperatuie gives it the proper degree of levity. 
Hence the ceilmg «f au .partmeiit is the proper phK» 
fat the outlet and the form of the ceiling may be snch 
as will facilitate the ascent of the vitiated air to the 
outlet 1 . . . . The spaces for admitting fresh air should 
be near the floor, and shonld be required nearly of the 
same me" 

Dr. D. B. Reid observes — As a general ride, vi- 
tiated air cqlleots aboTe in any apartment more than 
below,'^ and that an ascending moyement should be 
given accordingly to the air -which enters, so that 
when it has once come into contact with the system 
it may be propelled onwards, and never retnm again 
to the zone of respiration, bat be continnally succeeded 
by firesh accesdons of pure air. Tiie ascending move- 
ment is also tiie natural system. I have had several 
trials with the descending atmosphere, but sabsequent 
investigations led me to ascertain it not desirable. It 
is a common error to suppose that as carbonic acid 
is a heavy gas, the air vitiated by respiration and 
combusticm tends to descend to ike floor of any apart- 
ment in which it may be evolved, or that carbonic 
add always tends to separate from It and aocumukte 
below unless an appiopHate channel 
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be provided far the ingrefls liie air, its movemoM 

cannot be controlled — the fresh air entering at or near 
the floor.* 

The opinion of Sir Jamet Ghike ib givesa in his 
excellent work " On Climate and Consumption " pub- 
Ibhed in 1B41. When mentioning that to secure yen- 
tikdon a condnnoM renewal of the air should take 
place in all inhabited rooms, he says — ^ The pure air 
should enter below, and the deteriorated air escape 
tnmk aboTe, a ciroalalion aeecnding to the natorai ino> 
tion prodveed in fluids by difeenee of temperatorey 
and prevented only by the ignorant interference of art. 
To understand the proper mode of ventilating, we have 
only to attend to the eorrents which take pkM» natu- 
rally in all inhabited rooms. Air, as it increases in 
temperature, becomes loaded with watery vapouri has 
Its weight dimunshedy and is &roed imp iS means are 
not ttkea to prevent it. Now the air in an inhabited 
apartment being both heated and generally combined 
with a pordflu of wateiy vapour by respiration, Ac, 
beeomes specifioally lighter at the same time that it i» 
vitiated, and the most impure part rises to the roof. 
If it had the means of escape, it would be gradually 
driven out by an equal qoantity of puns afar enteiing' 
bdbw, which becoming heated and deteriorated in it» 
turn, would in a similar numner ascend and escape; 
thus would a continued reneml of the air on with* 
out any trouMe on our parts— -unless pnrriskm can be 
made for the escape of the ascending current of im- 
pure air, no admission of external air will secure Tcn- 
tilaliOtt." 

* Beid's lUiutrations, 1844. 
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r. A. Ure, whose great setenlMc knowledge murt 
generally admitted, is even stronger in his opinion. 
He says that the downward circulation of air every 
flonnd physiologist will deprecate as a noxions fiJlacy. 
The mephitic exlialations from the huigs having a tempera- 
ture of dS% occupy the upper part of a room, and if forced 
downwards hy any means^ must inevitably be breatiied> 
again and again before these particles can be discharged 
at tlie feet, in violation of the laws of specific gravity."* 
Of a similar ofanion seem to be the scientific men 
who were examined before the Select Committee of the 
House of Commons on Ventilation in 1835. Professor 
W. F, Brande, F. E. S., states that in the ventilation 
and wanning of bnilduaigs there are two essential pouits 
to be kept m view — first, the ^eee escape of tiie warm 
air &om above ; and secondly, the admission of a com- 
pensating quantity of fresh air firom below — and the 
firedi air should be admitted at or near the floor." 
Dr. G. Birkbeck appears to be of the same opinion, — 
approving of a full supply of cold air below and 
the escape of the impure firom above; and Ofdiers who 
gave evidence were of the same opinion. Dr. Nelfl 
Amott remarks, in his work on Wanning and Yentila- 
tion, that when the company in a room is so nume- 
rous that very mudi air must be allowed to esoiqpe 
above, and consequently as much to enter below, the 
air which enters in cold weather should be admitted 
thronn^ a passage ei^ressly cakdated for it'' 

Upon this point another writer remarks — " A de- 
scending movement not only returns the vitiated pro- 

• Official Keport to the Collector of Customs on " Stove Furnaces," 
by And\ Ure, M.D., &c,—Arch. Mag^ Jan, 1838, p. 33. 

K 
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ducts on the Bystem, but has also a tendency to pro- 

duce disai^eeable effects as it impinges on the head." 

Again, cold air may be offensive at the feet, but it la 
mucli moire dangerous if it plays npon the longs and 
organs of respiration; hence the importance of diffii- 
aon before it comes in contact with the person." In 
truth, to admit the fresh aur at the ceiling is jiist to 
precipitate the coirupt air, to be re-inhaled again and 
again, while the cold air falling through the vitiated 
air from its greater speciJ&c gravity, lalls on the heads 
of those below it» to their great annoyance. 

Another authority may be quoted, viz. Gavin 
Mihroy, M. D., F. R. C. P., who in his " Notes on 
Barracks and Military Ho^itals in Hot Climates'' re- 
mailcs— The chief defect in most bannu^ is their 
faultily contrived and very generally insufficient venti- 
lation, more especially during the nighty when doors 
and windows of sleeping apartments are ftr too com- 
monly closed, in all climates alike. Be it remembered 
that this is the very tune in the four and twenty hours 
that a firee and ^ continuous circulation of pure re- 
newed air is the most necessary for the maintenance 

of sound health and the prophylaxis of disease 

It must always be borne in mind that it will never do 
to trust the Tentilatbn to the men tfaemselTeB. The 
means, therefore, for securing the continuous circulation 
of Iresh air while they are in bed should be indepen- 
dent of them, and out of their reach and controL 

No sufficient arrangement or provision 

is made for an ascending or vertical ventilation from 
the floor up to the ceiling; and yet this is a prime 
and fundamental point in all successful ordinary or nar 
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turn] TentQation — namely, that the cool fresh vk be 

ardmitted at, or near to, the lowest part of the cham* 
ber, and the heated impore air be discharged at or 
near to the Mghest part Attempts are flomedmea 

made to have both the admission and the escape open- 
ings at the upper part of a chamber, distinct trom but 
near to each other. But the plan is objectionable, and 
lias nerer yet answered well in all seasons and wea- 
thers The rooii of barracks and hos- 

pitala in hot climates should always have ventilating 
tnnets, to aid in tiie withdrawal and discharge of the 

vitiated air from the wards It is very 

needful to have a sufficient intervening space between 
tiie ceiling and the outer roo£ This airanjgement is 
necessary in all climates; in a hot climate, to keep 
the upper iiours sufficiently cool during the day; and 
in a cold dimate, to keep them duly wann. The in- 
terpositbn of a stratum of air between the onto: at- 
mosphere and the atmosphere of the chamber not only 
facilitates Yentilation, but also greatly aids in main* 
taining an equableness of temperature."* 

The very highest authority has now been given to 
show that fresh air should enter below and the impure 
heated air be discharged at or near the ceiling. A 
great and imporfcant point has thus been accomplished, 
and a sound principle in the art of ventilation estab- 
lished, whether it be carried on by natural or arti£- 
dal agency. Keeping this essenlaal ascending move- 

* Useful obwnrations on banaok and hoiq^ital ventOation, 
especially in hot climateSf irill be found in the Report on this sub- 
ject printed by order of the House of Commoos in 1851, — and alio 
w Notes by Dr. Hilroy, in the Lancet, May 28, 1K50, p. 530. 
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ment of the air in Tiew^ tbe reader will be ena bl ed 
to fona a coirect appredation of thoae pbns wUcb 

aet these principles at defiance. 

In the earlier Piison Eeports, 1844-1847, plane 
yfj&Q i^vea the reverse of thisy — the tcesk air entering 
tke cells at the ceilinf]^ and the foul air being drawn 
off near the floor. Maay bidldings were erected on 
this plan; bat the best proof of the M\a/sj of the sys> 
tern was, that in bniidings of more recent erection the 
process hus been reversed,* — ^the fresh air entering be- 
low and the foul air being drawn off at the ceiling. 

Trom the examination wluch tlie writer has made 
of many buildings in England and elsewhere — such as 
Lunatic Asylums, Hospitals^ PrisoDS, and Bajracks, 
flome of which have be^ noticed — a Yery common 
plan at present in yogoe is to admit the fresh air at 
the upper part of the apartment, and also to extract 
the vitiated air above. In some inatancesy as has been 
shown, the air is heated before it enters the room near 
the ceiling, and the vitiated air is removed at the same 
levels and in others direct inlets are not used, but 
the air enters above the doors fiom the conidors.t 
This mode of ventilation, althongh it is opposed to the 
opinions of scientilic men which have been given, is 
not so absurd aa admitting the fresh air at the ceil- 
ing and extracting tiie vitiated air bebw, aa has been 
done at the xModel Prison, Pentonville, and at other 
piisons which will be a£t;erwards described. 

* In llie wing fint built of the Perth Penitentiazy, the detnend- 
ing system was adopted, — the wing last built it waa levened. 

-J- Many examples might be given. — St George's Hospital, Lon- 
don, may be instanced for the first method, and part of the Sussex 
Lunatic Asylum for the second. 
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FRESH AND FOUL AIR OPENINGS PLACED TOGETHER 

AT THE ROOF. 

Notvntiistaikdiiig the adeutific evidence giren, and 
that the Parliamentary Report of 1857, quoted page 
51, coincides with these opinions, — namely, that the 
fresh air should he admitted helow, and the vitiated 
air abstracted above, — still it mH be fonnd that plans 
are frequently brought under public notice, which mili- 
tate entirely against these opinions, and set them aside. 
Some of these plans plaee together at the roo^ botli 
Hie find «r escape and the fresh air mlet. 




Fig. 9. 




One scheme seems to take up the 
idea of Dr. Amott's double current 
apparatus, or rather that of Professor 
Daniel noticed in his Meteorological 
Essays (1845), vol 1, page 19, but 
iUnstrative of a very different purpose. 
The patent ventilator (Fig. 8) consists 
of a metallic tube, placed at the roof 
of a building, with a hood over it to 
protect it from the weather. The 
tube is divided by a plate into two 
equal portions; and the principle of 
operation is to ventilate an apartment 
by the foul aii* going up the one half 
and the fresh air coming down the 
other. 

Another plan (Fig. 9) on the same 
principle has been patented to effect 
the same purpose. The ventilator 
consists, instead of a divided tube, of 

one tube i)Iaced within another, with 
an annular space between the two ; 
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tlie olgect beiog to Tentikte the room by the fool air 
going up the inner tabe^ and Hie ftedi air deseeoding 

in the ^ace between the two tubes, and escaping at 
« flange placed at the ceiling in order to i|Kread it he- 
foie ftOing into the room. 

It must be obvious that by both these methods 
the fresh, air must pass through the vitiated air at 
tiie ceiling before it reaches the 2one of reqiiration of 
the inmates beneath. The regularity of action, too, 
must be liable to be affected by adverse currents froui 
bdow. By the second plan, the heated impure air 
win be more cooled than by the first in its escape into 
the external air, because tlie inner tube is surrounded 
by cold air. The introduction of fresh air into apart- 
ments irom the roof of a building by an openmg within 
tiie Tidnity of eldmney pots cannot be eonsidmd the 
best source from which fresh air ought to be obtained 
for Ihe occupants of a dwelling. 

OONSTBUCTION OF ASCENDING FLUES IN BUILDIlfGS. 

Before retuming to the mode of ventilation which 
scientific men hare recommended, — ^viz. to admit the 
firesh air from below, and to carry away the yitiated 
air from above at the lughest altitude by means of 
one or more independent points of escape constructed 
in tiie builduig: — ^It may be remarked that air-flues 
often interfere sciiuLisly with chimneys, and that foul 
air descends sometimes in one and escapes at another. 
Dr. Beid suggests an important alteration in the con* 
strudion of houses, viz. ^'the introduction of one 
principal chimney, into winch the fines from all the 
apartments would be led^ and that even ibr whole 
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streets one large shaft would be saffident." But with- 
out entering on these proposals, much benefit has been 
found in the greater draught of chimneys when they 
are constructed in the inner than when exposed to the 
action of cold air in the outer walls of a building. 

There is little doubt that the ordinary conduits 
earned upwards within the walls of houses from the 
eeiUngs of rooms to the ro^ do not prove very eflfeo* 
tive for ventilation, especially during winter, because the 
combustion of a large fire will draw down the air firom 
anodier chimney. The Tentilatmg flue^ therefore, in* 
stead of carrying off the impure all* of the apartment, 
sends a current of cold air or backnsmoke downwards, 
and the apertures are consequently soon offered to 
be shut up. The cause obidously is the want of an 
adequate supply of fresh air entering the room to 
cany on the combustion. This defect may be to 
a certaui extent obviated by the plan, proposed at 
page 47, of having an independent supply of aii' for 
the fire. 

Ascending flues in buildings are constructed m 
various ways. Sometimes earthen tubes are carried up- 
wards in the walls from the rooms to the roof; but 
unless provided with valves for dosing them when 
necessary, a reverse current may take place. The plan 
may be noticed which received the sanction of the 
War Department as adopted at the Old and Brompton 
Barracksy Chatham, as also at the Wellington Banack. 
As it at present exists (1859), a wooden shaft of about 
12 inches square is placed at the side of Ihe fire- 
place of each barrack-room. The shaft commences at 
the odling and is earned up to the roof. Its caipar 



Digitized by Google 



88 STBTBMATIC ^VSMTILATIOH 07 A HOtJSB. 

city is intended to give an arerage of elglit square' 

inches to each occupant." At the Old Barracks, Chat- 
haniy there are three floors — each room on the floor 
having its separate shafL Three of these combined 
tcruiiiiatc at ii loiiVTe placed behind the chimney on 
the roof. When the wind is strong and the fire has 
a good draughty instead of a poweiM upward cmrent 
a reverse one takes place, especially on the upper 
floors, chilling during the night all persons within its 
range. This is merely another proof of the uncer- 
tointy of action whidi appertains to spontaneous Ten- 
tilatiun. 

SYSTEMATIC APPLICATION OF SPONTANEOUS TENTILATIOIC 

TO A DWJBLLINCKHOUSa. 

The application of spontaneous ventilation upon a 
systematic plan was perhaps first brought under public 
notice m Sylvester^s Domestic Economy, 1819, describ- 
ing the variuus iiivciitiuiis of the late William Strutt 
of Derby, which had been applied at the Derby In- 
flrmaiy; and for a long time these plans had many 
admirers. Indeed the iw^olving tnmcaps which aided 
the admission of fresh, and the escape of vitiated ah* 
from the building, were considered to be powerful ad* 
juncts to ventilating spontaneoudy. As any plan, 
lioAvever, which involves much expense in the con- 
struction of domestic dwellings is generally wished to 
be avoided, a mode of spontaneous ventilation will be 
described which obviates the necesaty of keeping the 
doors and windows of rooms open. The plan is simple 
and easily adopted while a house is erecting, and is 
one that the writer of tins treatise years ago reconh 
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Mended.* Its ])riiH'i[)le is to "siew the staircase and the 
corridors and passages as the lung^ of the house, and 
to oomrey into the house an ample snpplj of fresh air^ 
which in wmter may he warned, and to have a free 
communication between every room and the staircase, 
even when the doors of the rooms aie ahoL This is 
done by means of a longitudinal opening over each 
door, concealed by the architrave and under the power 
of regulation by valves^ with air-ilues of earthen tubes 
placed in the walls, commencing at tiie ceilings of the 
rooma and tenmnating at the wall-heads nnder the 
roof, having a properly constructed roof escape. 

The better to e:q[>]a]n this plan, a short description 
may be given of a d1y*honse built for a late sdentific 
gentleman^ in which these arrangements were success- 
liiliy earned into eiecL It was a self-contained house, 
m an open atoation, and ccmsistod of three floors above 
Hie street, and the basement story beneath. There was 
a current of eight square feet or section of atmospheric 
aar, nnder i^pilalion, introdivsed into the house by dry 
aip-opemngs to the prevailmg points of the wind, lliis 
supply of air was in winter moderately warmed, and 
entered the principal staircase at a temperature of 
about 70* Fahr.,, which was £>und to he soffident to 
keep the staircase and passages at 60° F., even in se- 
vere weather. The different rooms of the house were 
thus sai^lied with wanned air, each room drawing its 
supply of air frtnn the staireaae by masked openings over 
and under the doors, — the area of these openings being 

• Communication by the writer in Architect^ Mag, 1837 ; 
also his Prize Essay, Trans, M, S, S, qf Arts, 1844. 

L 
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equal to tiie aoiii of the areas of the throat of the 

chimney -Hue and of tlie ventilating-flue which com- 
munioated with and earned off &om the Toid space 
oyer tJie ceilmg tke Tttiated air ariang fifom lamps or 
the crowded state of the rooms. These arrangements 
were not intended to supersede in winter the use of 
open fire-places^ bat were aiudfiaiy to i%— the voliime 
of air entering tiie staircase being sufficient to supply 
all demand from the chimneys and ventilating flues 
without any great risk of back-smoke by one ddnuiey 
borrowing firom the other, or of drawing in the exter- 
nal air through chinks — evils very frequently found in 
houses where there is no provision made for admitting 
fresh air to snpply tiie demand of the chimney. Be- 
sides the ordinary ventilation by the fire-plaoeSy fire- 
clay tubes in the walls, connected with the spaces 
oT&t the ceilings of the rooms, conveyed away the vi- 
tiated air of lamps, gas, respired air, dsc, as a slit 
or opening in the mouldings of the plaster works 
one and a half inch wide, all round each room, but 
which was not idsiUe fimn below, admitted the heated 
air iiito the space above the ceiling, which communi- 
cated with an ascending diimney-llue of sufficient size 
and proportion to the area of tiie room, to ensure an 
ascending current These escape-flues terminated above 
the ceiling of the attics, under the slates of the roof. 
The aoticm oi the escape fines was regulated, or was 
suspended when required, by means of a register on 
the oiilice of each, wliich was operated on by an in- 
dex in each room. By this very shnple plan, a per- 
petual renewal of the air of the house went on, and 
no vitiated air or smoke could continue long in any 
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of the apartments. The point of all others the most 
difficult to achieve, — ^viz. a steady ascending current 
by spo&taneoufl actaon^ — ma thus obtained with as litlie 
rkk of eaunng a revme camat by the open foes, as is 
possible by spontaneous ascent ; and the object was ob- 
tained at a trifling additional expense in the constnio* 
tion of the house. The utility of the pkn oonslsted 
in effecting a renewal of the aii' without being de- 
pendent on the constant attention of servants. Per» 
baps no bettar plan has yet been devised for implying 
spontaneous ventilation systemalieany and imeMly to 
a dwelling-house.* 

Though ventikting fines in the walls are inaf^ 
cable to houses already bdlty still iJie Gommimkation 
between rooms and staircases, corridoi*s, or halls, can 
easily be carried out, and the rooms by these means 
finely supplied with fresh air, which in winter may 
easily be wanned; and when fires are bnming, triers 
would be a free circulation of air in the room, and 
offensive cmrents arising from the room doors bdng 
left open avoided— or when the doors are dosed people 
could not be shut u\) m n close room. Should it be 
preferred that the lire be provided with an independent 
supply of air for eombiuation, a obrcalatiim of air could 
stiD be maintained in the room by means of the com- 
munication and an Amott ventilator in the chimney. 

Although the plan described of admitting air into 
rooms was long sinoe proposed, it has not been much 
applied. Amongst other plans for the ventilation of 
rooms, an open ^[»ace was left between the upper part 
of the architrave somunding the door and wall on 

* Sup» Encyc, of Arch, 
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eadt fide, and fikewke an open spaee beNrecK tke 

casing and the lintel. An old scheme introduced air 
into rooms between the foiding of the sash frames. 
Bj anodier plan applied manj yaan ago afe St Thomaa'a 
HasfNtal, London, in e^eiyieoond window, about l^inch 
of each pane on the bottom of the upper sash was cut 
away, and the air which entered between the aaahea 
was directed in an angle towards the oeiling by meana of 
a glazed hinged frame resting upon the lower sash. 

AIK AFEKTUUES IK BUILDINGS. 

The admismon of fee^ air, as may be learned ftom 

what has been said, is not unattended with difficulty, 
and requires much consideratioQ. As a geneial piin* 
dple, ^e air, wbfle it is supplied in abnndanee, ought^ 
if possible, to be difi'used, in order to avoid currents. 
This to a certain extent may be effected in the fol- 
lowing manner: — Sappoaudg entering cmrent of fredi 
air to be ccmipared to the brisk flow of a stream sab- 
aiding gently into smooth water, the air ccmveyed by 
a eoi^uit into the building may, so soon as it •enters^ 
be broken and divided into smaller streams, and nha- 
mately difiused over the room by numerous perfora- 
tions, and thus flow in copiously though imperceptibly. 
Hie greater the amount of fresh air that can on tiiis 
principle be admitted into crowded rooms without giving 
annoyance, the better. Such an arrangement as this, 
however nsefol, cannot be often adopted, from its re> 
qurii^ a bnilding to be constmoted for it, A much 
more common mode, therefore, is to admit the fresh 
air at inlets in floors and walls. As reference has 
been nude at page 31 to having direct air-inlets mto 
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Veirack^XKnnS; the mode may be noticed as now ap- 
plied at these barracks mentioned page 00. It con- 
siiBts of incisioiiB in tbe outer waDs to the open air. 
There are two in each room about 12 inches aquarey 

placed near the ceiling. The apertures in the room 
are concealed bj plates of wood set at a alight angle^ 
and are ooTered wilih perforated ano for the purpose 
of checking the current of cold air from pouring down 
on the persons below. The mere deflection of the air, 
howeyer, camiot hinder the cold down-draught from 
!>eing offenmre. Thus it will be Tery probable that 
during the night, or in cold weather, the apertures 
will be dosed. This is supported by .the opinixHi of 
Sir J. F. Burgoyne on the raitiktion of bamt^. He 
says (Par. Rep. of 1857, p. 126) — " Openings are 
made from the open air oumide the building, below 
for the admission of fresh air, and aboye for the escape 
of fool, in various fancifol ways; but allliough the 
cold draughts are so inconvenient that every endea- 
Your is practised to obstruct the inlet, the circulation 
is so sluggiBh that a regulation has been established 
under medical opinion, that every banack-room in Eng- 
land should contain 500 cubic feet of air, and in hot 
oountries 600 per man — manifestlyi as I concdye, as 
a remedy for imperfect v^tiktitHi ; and notwithstanding 
that regulation, and the measures taken lor establishing 
a drculation, the air in a barrack-room that has its 
complement of men is generally in an nnsatisfoctory 
state, which is more particularly experienced after they 
have been some horns in bed. 

1 am very mndi inclined to belieye that an effi- 
cient and wholesome circulation of air, and one not 
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attended with discomfort, can only be obtained for 
barracks by some artificial power, either for the forcing 
in of fresh air or the drawing out of the foul'' 

POINTS AT WHICH AIR MAT BE AJMCITTBD AND 

DIFFUSED IN ROOM& 

Buildings exist in 80 many different fomSf and ore 

used for so many different purposes, all requiring ven- 
tiktiony that no plan cm be given for this purpose^ 
howeyer good it may be in partioolar oaaea^ that would 
be appficable to them alL A great difficulty has be^ 
alluded to in obtiuning an adequate supply of fresh 
air for a building, — yix, to get it sufficiently diifixsed 
to avoid giving annoyance to the occupants. The 
staircase in a dwelling-liouse <>f the kind previousU 
mentioned obviates so far the diihculty, but in another 
building where such a plan is inadmissible, Ihe air 
is equally required to be diffiised. The extent of the 
diffusion circumstances will regulate, but where practi- 
cable, unifonnity of temperature is desirable f<»r com* 
£>rt and salubrity. It has even been proposed for 
the room of the invalid, that both the walls and floor 
be made porous for the admission of air, and the 
edling likewise for its escape* Perforated floors of 
wood or iron have been tried with different degrees 
of success. They have been found oiiensive from the 
dust brought m with the current through the mattmg 
<Hr hauvdoih ; to obviate which, various expedients have 
been tried. Dr. Reid recommends a mixed movement, 
by which a descending current is made to precipitate 
the dust directly downwards, wlule an ascendmg current 
is made to cariy off the moisture Irom the breath and 
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the products of oombnstion a»d respiration ; — ^but tliese 
schemes are too complicated. Mr. Gumey, of London, 
carries the idea of liie downward cunent &rther, as 
will afterwards be nodoed. But no plan of adniitting 
fresh, air into rooms seems less desirable than that of 
allowing it to enter through gratings placed in Hoors 
and pa8saj|!e8;-r-they are not only offiaDfliye when walked 
upon, but they become receptacles for the sweepings of 
rooms, and dust and reiuse are collected in them. To 
ataxid i^n such cold^air openings in winter in hi ghly 
ii^iiiioiia.* 

In other plans, as has been shown at page 85, 
the opposite course is adopted, and it is proposed to 
admit the firesh air at the eeOmg, thus reversing the 
natural law. 

Other methods have been tiied with partial sucoess^ 
in which the fresh air is uitrodnced midway, or at 
diffiarent heights in apartments by apertures concealed 
from view. Much depends on the purpose to wiiich 
the apartment is i^pplied^ but so kmg as the mani* 
fast absurdity is avoided of sending back the products 
of respiration and combustion to be ro-iiihiiled, no great 
harm can arise from them. It is diihcult to devise 
a plan by whieh a large supply of fresh aiT' can be 
without ineoBTeidenee adndtted into oocnined apart^ 
ments, whether paitiallj liiled or crowded with people, 
unless the air is pvevioaaly slii^tly wanned; and even 
when warmed, the air, if in motkn, when it comes In 

* In a 6cbool-Toom lately bnilt, where cold air was admitted 
from giatiDgs in the floor, the teacheis, both male and female, anf- 
fisred firom swelKn*^ of ihe legs ; and when tiie cold «{r came b Aom 

above, they suHered from catarrh and bronckitis. 
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contact Avith the person, will, from its abstracting' 
ieel not so wanu as it reallj may be. To admit the air 
wanned at the oeiling or ixK>f of a buildings in order 
to heat the lower part of a room> is hardfy possible^ 
aud thus the previous point is fosx^ed back upon us, — 
to laise tiie temperature^ wherew this is practicable^ 
of the staircase^ oorridon^ and passages in bnfldingSy and 

to have a free communication lietween them and the 
rooms ; or it' this cannot be done^ to supply eacli room 
widi an abundant swpaplj of firedi air at the basement^ 
tepidly warmed in winter, and taken from a pure source. 
In summer the same air can be made use of for van- 
tilati(ni witiioat being wanned; and it maj in some 
places be made to pass overbeds of ed(niferoiis flowers 
— or moisture may be imparted to it by passing- h 
through a peifumed shower before entering the apart- 
ment at baildmg. 

The skirting, wash-board, surbase- or dado in roomsy 
present^ with the ascending system of ventilation, the 
most coBTenient positioii not onlj im the admissioBr 
but ibr tlie difihsion of the air. The whde space 
around rooms could thus be made avsalable for this 
purpose ; and in a similar manner a oorresponding con* 
neebed aperture maj be made round the room at the 
ceiling cornice, — the inlet below and the outlet above. 
The inlet below can be concealed by means of as 
ornamental trellis, or by perforated anc; or peceus 
doth of dUfeirent textures, coloured to harmoriae with 
the painting of the room, might be used. This might 
be even carried &rther, if more air were required in 
crowded apartments^ by having what hare been termed 
" breathing walls," i.e. panels so constiucted in the 
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i^eiih as to admit air through hair, woollen, or cotton 
poixms cbthi so modifying the cmrent as not to be 
offensive. Anotiher plan might be adopted, yiz. to have 
coils of hot-wat^r pipes under tablets in rooms or cor- 
ridorsy of forms more or less ornamental^ or made to 
resemUe peoes of fmnitme, from which botih tur and 
warmth might be evolved over a room, or any number 
of rooms. All these expedients have been in many 
eases carried into effect by the writer, and being thus 
based on experience and success, avoid both theoretloal 
and expensive abortive schemes. 

The Patent Small-Pipe system is admirably adapted 
to carry oat these views, and will be yet moie ap- 
preciated than it lias been, from the great facility with 
which it can be combined with a simple and efficient 
i^stem of ventilation. The late Dr. Andrew Combe 
says of it, in his « Physiology," (p. 251), that by 
this system " ventilation can be carried with safety to 
any extent. . . . AU that is necessary is to have the 
cold air from without conveyed into the lower part of 
the ornamental metal box or case in which the coils 
of pipe are contained, and to have proper apertures 
at tiie top of the box to allow the warned air to 
escape into the room. To permit the exhaled air to 
get out, openings are left in the ceiling of the room. 
. . the entrance of warm external air and the issue 
of vitiated air— or in other words Toitilaiion — can be 
regulated at pleasure, without any lisk either from 
draughts or from the entrance of cold damp air. • * The 
efficacy, economy, safety, and agreeableness of warming 
by the above plan can scarcely be overrated, parti- 

M 
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cularly in large buildings, hospitals, and places liable 
to fire." The advantage of this plan is that air-:ftues 
In IndldnigBy wbicb in cases of fire often act as con- 
duits for the flame, are avoided. 

Besides this arrangement, so highly luuded by Dr. 
Combe^ these small hot-water pipes readily admit of 
being placed behind skirtings or panels in rooms, 80 
as to warm, in winter, the fresh air before it enters, 
or the air may be warmed in a chamber in a lower 
floor, and enter tiie dweitting*room tibrough a perfinated 
skirting or wash-boaid. 



Part III. 

EXAMPLES OF SPONTANEOUS ROOF-VENTILATION. 

A few illustrations will now be sriven, to show the 
difficulty which has always been experienced in getting 
roof-ventilators to act inth certainty, and the efforts 
which have been made to overcome this by improved 
plans of spontaneous ventilation. 

The first is from Tredgold, showing the manner 
in which he conceived the difficulties of ventilating a 
church or hall could be overcome ; for the same dif- 
ficulty has always been experienced, — namely, that the 
warm air of the room will not readily escape at tiie 
roof opening into the external atmosphere, but on the 
contrary, that objectionable streams of cold air will fall 
npon those within its range. This disagreeable effect 
is also experienced in a crowded room when a window 
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- 18 unexpectedly opened, and even by those who are 
sitting near a large window when shut, because a cold 
descending current is eieatod in the air in oontact with 
the cool surfiioe of the glass. The pracdcal difficulty 
in such a building is how to get the ceiling ventila- 
tor to act jffoperljy or to obtain a steady or certain 
upward current to conyey into the atmosphere the im- 
pure air which has ascended to the ceiling. Every- 
one who has attended to the subject is aware of this 
difficulty! and henoe the various Ibrms of lonkur es- 
capes placed at the roofe of buildings. For instance, 
in the orduiaiy bent roof-ventilator made of zinc (see 
Fig. 6, page 59), the air in most cases is checked at 
the orificcy and instead of the foul air going out, it is 
pressed back as if by a downward current. This does 
not happen in the case of a common chimney, and yet 
it does with the ventilating j^pe,— obviously because 
the air wants a sufficient etevation of temperature to 
have the ascensional force suflSicient to pass it freely 
into thedens^ air without; or in other words^ there 
is too little diilferenee between the specific gravities or 
weights of tlie internu.1 and external columns of air. 

Now this risk of an occasional descending current 
is a defect whidi peculiarly belongs to spontaneous 
ventilation, and it might be expected tiiat every ef- 
fort would made have been to avoid it ; yet it has been 
recommoided (upon what piindple it is very difficult to 
guess) to make a descending current at the roof, and 
to supply fresh air to the room from that point. It 
is in vain to say that the cold air entering there 
wiU force out an equivalent quantity of foul air at 



Digitized by Google 



XDO BXAMPLBS OF BOOV VBSTILATION. 

the aalkie point, for the aimoyaiioe from tiie dfisomd- 
ing cold*air current stUl remains. 

Tredgold endeavoured to overcome the risk of a 
deaoendlng eoirent, but a glance at his diagram will 
show that his plan eoold hardly imvent it. It mi^t 

be that in a summer day the yitiated mt at the ceil- 
ing was of about the same temperature as the external 
aify when the current would nearly cease ; or secondly^ 
the air within at the ceiling might be at 60® or 65**, 
and the external air at 32°, and still the ventilation 
■would not be efficient^ — ^the cold air at the cdling 
rodiing in, and iSbo fi)ul air not freely escaping,— or a 
portion of it might pass out through the same aperture, 
—-and this because there was not sufficient diff<mnoe 
4^ temperature and elevation ot the chimney or foul-air 
escape, to enable the air of the room to force its way 
through the denser atmosphere. This point has been 
fully dwelt upon, because it is the cause why so many 
failufes in ventilation occur. It is next to a physical 
impossibility to ventilate a crowded building sponta- 
neously in this manner, yet it is constantly attempted. 
Fig. 10 is an example given by Tredgold, in which 
he recommciids that the ceiling of an apartment should 
be " domed or coved, arched or groined, and that the 
ventilatittg tubes should ascend from tiie most elevated 
parts, as these are the most fiiTourable for ventilation, 
both as regards expelling that pmiion of the air which 
is most vitiated, and as giving a higher column of 
rarefied air to cause its ascent." But tibere should be 
the means of opening and closing the apertures, so as 
to regukte the quantity of ventilation at pleasure. This 
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Buly effiwted Ify biJiiioiBg wHIi wdg^ts the 

rig. 10. plate A which closes the ap- 

erture. The motioii may be 
comBuuiieated by a line or 
wire over the pulleys pp. 
All that is necessary is to 
place a part or the whole 
of the balanee wei^t at 
I the part of the wire which 
is taken hold of to move 
it. Tredgold lemaiks that 
tliis method is nearly the same as that which the Ro- 
mans employed to regulate the temperature of the 
Laconieiim or sweating-ioom. 

Fig. 11 18 another example irom Tredgold, show- 
ing his plan of ventilating a church. He remarks 
Fig. 11. that the venlikUaon 

is most diffieoH to 
maintain in close and 
gloomyweatber. Sup- 
pose we wish to pro- 
mote ventilation suf- 
ficient to prevent the 
internal air from be- 
ing of a higher tonpe- 
rature than 5** above 
the external air ; now 
if the eztmud air be at 70*, we shall not be able to keep 
the internal temperature down to 75° with a less escape 
of air than 2^ cubic feet per minute for each person ; 
becanse etch person will heal quite that qnantlty of 
air 5* in a mmute at these temperatures. When a 
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diiirah oontaios 1000 pononsy and Hie hnglrt fiom the 

floor to the top of the tube is 47 feet, \vc liave to liud 
the sum of the upper apertures that will allow 2500 
ciibic feet of air per mumfee^ whicb Ib eaidly caloolated b j 
the rule given ;~tlwt is, 3500 divided by 20 V 49 = 12 
square feet. When the ceiling is level, this area should 
be divided auMUig five or more veutiiators dispersed 
in diflferent parts of the coling; bat in a vaulted or 
arched roof, perhaps three ^vill be better placed on 
the highest part of the ceiling as at d (Fig. 11.) The 
openings fwc admitting eold air ahonld be about doable 
the area of those at the ceiling. The air should not 
be taken from very near the ground nor irom a con- 
fined pkce. In a new bdlding it might be prepared 
with flues for ciM air down the piers between the 
windows, for the air to enter at A in the frieze under 
the cornice^ pass down a smooth flue, and rise into the 
ehorch through gratings in the floor c c ; and by dis- 
posing some of these flues on each side of the church, 
they would act with the wind in any direction* The 
flues for admitting cold air may have theur entranees 
at AA at any lower points, and it is not necessary* 
that they should be in the walls; — indeed the same 
effect may be obtained in various ways aooording to 
the case to which it is to be applied." * 

Such ar(^ the different arrangements proposed by 
Tredgold for ventilating by spontaneous means more 
than thirty years ago, and which have been very ge- 
nerally adopted in buildings witii varying degrees of 
suec^. The frequent complaints, however, of defec- 
tive ventilation in churches and other pkoes, show 
• Tredgold, 3d Ed. 1686, p. Jiee. - 
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that the rules he laid down were founded more npon 

theory than practice j for the vitiated air will not 
pass from the odhng in the ratio given, hut on the 
oontrary more frequently cold aar eomes down, hringing 
with it the products which had |)reviously ascended. 

Dr. D. B. Heid, in his Illustrations of " Ventilation/' 
at a nrach later date, has given many examples of 
the Tarions modes of applying spontaneous T^tHaHon 
to buildings, takin*? advantage of every means to in- 
duce a cmrent** But it may well he supposed that 
with every desire to take advantage of the natural 
movements of the air for sccuiing its discharge, he 
found that it could not be reUed on to obtain a uni* 
form and determinate movement ; henee he- had le* 
course to other agencies. 

Fig. 12. Yig, 12 is supposed to 

be the section of a ehureh, 
in which a a are apertures 
for admitting the fresh air 
by openings in the gable 
under the roof. The fresh 
air, passing down vertical 
flues in the walls, is dis- 
charged at the lower part 
of the room. Biffuokm is 
given by a deep dado, by 
which the air enters the building, passing through wire 
gauze, perforated mt, or an open texture of clo& 
The discharge of the air is regulated by the valve c 
in a central channel by which the air escapes. 




* Keid's lUnstrations, p. 126, 1S44. 
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Figure 13 k another example ftim Dr. Rdd'a 
ilg. 13, work, of what he terms 

-^"inixedTOitiktioa." The 
mijfd valves and aperfcoiesbemg 




set to the wind, supply 
abundance of air hy a 
plenum impuke tiircmgfa 
a. and also contribute to 
the dificharge by favour- 
ing a vacamn impulse at 
d. In iMs sectional figure 
the wind is supposed to be from the west, b b are 
the points where the fieah air enters the apartment^ 
c e whm the vitiated air escapes at the ceiling, pass^ 
ing out at d. 

Some may consider these examples more theoreti- 
cal than practical; and indeed the experience of the 
author has conmoed him that it is easier proposing 
to bring fresh air downwards, through flues^ to the 
fioor before it ascends^ as these iliustrations show, than 
to make it operate ei^tnally. And even after the 
expense has been incurred of making wall-flues for the 
purpose, tUs operation cannot be relied on unless arti- 
ficial or mechanical agency he employed to force a 
current, — simply fbr the reason already stated, that 
the temperature of the vitiated air at the ceiling is 
too little above that of the external air. It is just as 
probable, indeed, that by the vertical fines tiie car- 
rent may be reversed, and that the mephitic air, in- 
stead of going oat at the ceiling, may be sent back; 
and there is even a chance that the current may 
pass up die vertical flue. 
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Anolilier plan of admitting the fi^sh air when yen* 



skirting patent hot-water tubes are placed, so that the 
room ean either be heated by radiation from the pipes, 
or fifeah warm air admitted in an instant. The ceil* 
ing is coved, with a skylight having ventilators with 
louvres at the roof, regulated hj valves working with 
bell wires so as to be opened and shut at pleasure. 
Much has been done to carry out an efficient system 
of spontaneous ventilation, but which of course is liable 
to the defects noted at page 101. 

It is a generally-admitted &ot, certified by Uie ex- 
perience of sdentiiic men, that to have a coniplete 
oontrd over the Tentilating omraits, eq^tedally in pub- 
lio buildings, tbero dmuld be^ when possible, only one 
opening for the ingress and another for the egress of 
the air. The annexed figures 15 and 16, illustrative 
of this principle, exhibit a phm wMch was ourried in- 
* The OflBoe €f thelife AflMowtioii of ScodMid, Friaee's Staeei. 

M 




successfully carried into 
effect by the author of 
this walk. The an- 
nexed section (Fig. 14) 
shows the mode lately 
adopted in a large build- 
ing in Edinburgh.* An 
open skirting 9 iuches 
deep runs rounda room 
65 feet by 25 feet and 
20 feet high, having a 
fresh-air flue under the 
flue whidi follows the 
skirting. Behind this 
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to efl^ by the author for the spontaneous Yentilatioii 

of a church, and from which its advantages may be 
judged. It embraces almost everything that can be 
dome to peifeot the process; still there must ever be 
an imcertamty as to the mufixnn aetion of camatB, un- 




less directed by artificial agency, i'ig, 15 is a l(»igi- 
tudinal section, and Fig. 16 a transTerae (me. a a are 
£resdi-atr inlets^ taking advantage of the preva^ng point 
of the wind, but only one inlet is used at a time. 
The fresh air enters a chamber where in winter it is 
moderately wanned by hot-water pipes ; it then enters 
air-trunks or flues in which hot-water pipes are also 
placed, which carry the heat to the extreme end of 
the church. The air is diffused over the whole build- 
ing, entering it by means of perforated zinc apertures 
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nmning from end to end of the passages, the pews 
being raised a few inches above the passages for this 
purpose. The vitiated air passes liufoiigh the centre 
of the eoved odling by one very large drcolar opt- 
ing partly concealed by plaster-work, and thence into 
a chamber over the aperture* The opening between 
the church and the diamber Is regulated at pleasure 
by means of one valve, and the foul air is led from 
tke receiving chamber by a large shatt, inclining up- 
wards as much as the loof ^nll permit^ until it reaches 
the spire, where it is received into another chunber 
and escapes through lufier boaixling at a higher alti- 
tude into the atmosphere. It seems to operate as well 
as any plan aetmg spontaneously can do. 

By the aid of the urchitects* the author had the 
opportunity of carrying into operation what he desider- 
atedy — ^vis. to obtain as much advantage as was pos- 
able from spontaneous ventilation. Other examples 
might be given of ventilation by spontaneous means, 
put in practice by the author^ where the fresh air is 
admitted diredly into the buHding. In a church in 

which the pews are elevated a few inches above the 
aisles, small pipes are placed entirely round the aisles, 
and the fresh air comes throu|^ perforated zinc to break 
the force of t]ie cRurent passing over the pipes and 
receiving au increase of temperature before enteiing 
the churchy the vitiated aur bdng led, as in tke other 
example fig. 14, from the ceiling. 

Many other examples of buildmgs ventilated in a 

* Both m this and two pfeoedSng ezamplee^ and in some of 
thoae wMch follow, the aathor was mnefa indebted to the arohi- 
tects ftr their eo-operatioB. 
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similar manner might be described. In a large pab- 

ic hall with which the author was connected, the 
vitiated air escapes fcom a high domed ceiling, regu- 
lated by valres^ from a central tiurret and loum into 
the atmosphere; and the air is warmed in winter, as 
in the previous example, by means of hot-water pipes, 
and, regulated both in temperature and humidity^ is dif- 
fused over the building. 

In other cases, where no spire or tower exists to 
facilitate the escape of the vitiated aur into the atmo- 
aphm, recourse is bad to a revolving zinc tumcap with 
a wind- vane attached to it, the size of which must be 
proportioned to the cubical contents of the place to be 
ventikted. The author has, however, applied a me- 
tJiod which is less objecdonable in an architectural point 
of view than a large tnmcap at the roof of a build- 
ing. It is to place a eytinder withm a louvre whiok 
revolves by means of a wind-vane, so that it always 
turns its back to the wind, — see fig 7, |>. 59. This is 
a most useful adjunct to spontaneous ventilation. 

The fi}ur Gonrts of the Lords Ordinary, as wdl as 
other Courts at Edinburgh, are ventOated by spontaneous 
means. In the Lords-Ordinary Courts warmed by the 
author, the firesh ak, taken &om a pure source and at 
some elevation above the ground, passes into horizontal 
flues below the skirting. Behind these u hirge num- 
ber of the patent small pipes, heated in same manner 
as in fig. 14, are placed round the Oourty and the fresh 
air passing over these pipes, regulated as circnmstances 
may require, is elevated in temperature without being 
injured in purity, and, entering the Court, is diffiised 
over it, which is thus heated by warm air and radiant 
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heat. The foul air is led off ))y one large aperture 
under control into the atmosphere. Many oth^ build- 
ings We been arranged in a somewhat amilar manner, 
snch as the Advocates' Library m Edinburgh, Marischal 
College, Aberdeen, &c. &c. 

The Joatlciarj Court, Edinburgh, also affiirds an 
example of totally different airangement^ in whidi a 
pleasant and equable mode of" warming is combined with 
natural ventilation. Plate I. represents a plan (fig. 1) 
and section (fig. 2) o£ the Court-house as irormed by 
Mr. A. M. Perkins of London with the patent hot- water 
apparatus oi which he is the inventor. 

a Of Expansion tabes^d, ascending tabes from the 
furnaces — ee, filling tubes — ddj heating tubes — eeey 

openings fur admission of cold air — -ff f, openings for 
admission of warm air into the Court — ceihng 
veutilatois — A, iuffeiatroof. 

The patent hot-water tubing, heated by two fimiaoes, 

is suspended to the vaulting of a room under the Court, 
and spread over the whole space like a Hoor. The cold 
firaah air admitted into the vaults ascends between the 
spaces of the tubing, and enters by nine openmgs in the 
vaulted ceiling into a space under the floor of the Court. 
In order to diffuse tiie warm air equally over the Court, 
small lateral openings are made under the seats, and 
in every situation where they can be obtained, but 
none are made in the floor itself; through some hun- 
dreds of Ihese openings the warm air rises mto the 
Court. The ventdution is cdected in the common or 
spontaneous mode ;~opemngs provided with registers 
are made on the oeiliog into the roo^* from whidi 
* RicbanUon on Wanning, &c., pb 47. 
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an opening with lufifer boarding permits the escape of 

the warm air into the atmosphere." 

Numerous ^i^ftmpleA of spontaneous veutilatiou might 
be given, showing the meM application by the author, 
of the method of admitting air into apartments, passing 
through coik under ornamental pedestals as rec^om* 
maided at page 97, — snch as the Natural History 
Museum, the College library, the Signet library, tJie 
Record Room, Register House, the Merchant Maiden 
and Stewart's Hospitals, Edinborgfay the Commercial Bank 
Offices at Edinburgh and Glasgow, and several Chnrchea, 
Mansions, &c. In these buildings fresh air is warmed 
without taint or impurity. ' In England this arrange- 
ment has been extensively caiiied into eiect by Mr. 
Pwkins of London. 

Amongst other examples of large buildings recently 
erected, to which chiefly spontaneous ventilation has 
been applied, may be noticed the Wellington College at 
Sandhurst, whicli, ^vith the hind belonging to it, lias 
cost about £100,000. It is a quadrangle of 260 feet 
in length, by 154 in width, the sides of which are the 
north and soath wings of Ihe bmlding. This bnildingy 
which the writer has examined, stands in a somewhat 
exposed situation.' The towers which lead to the sleep- 
ing-rooms are partly used as ventilating shafts tiurough 
vihkh a constant flow of pure air is kept up, while foul- 
air shafl? provide for carrying off the vitiated atmo- 
sphere from below. The partitions which separate the 
bojrs' rooms are carried up to within a few feet of the 
ceiling, so that the fresh air circulates freely along the 
whole length of the dormitory from north to . south. 
The vitiated aur from the dormitories is carried off by 
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means jof a liorixoiital wooden conduit^ perforated with 

small boles, to ventilating shafts in the angles of the 
towers. In these shafts ling gas-burners are placed fi>r 
the ocoasional rarefaction of the air. The fresh mr is 
heated in winter by hot-water pipes, and eaters the 
corridoi-s of th& dormitories through gratings in the 
floor. The same metliod of admitting the warm air is 
adopted finr the Hdl and Sdiool-rooms. From what 
has already been said about the inconyenience arising 
from admitting air by floor-gratingSy as also extracting 
Titiated air at the lower part of rooms, it is soflEicient 
merely to point it out, to show that there is little im- 
provment of the system adopted at this building. It 
may be doubted whether any advantage can be derived 
from the dormitories commimicaling at the tipper part 
of the partitions within a few feet of the ceiling; for 
instead of fresh air dreolating fredy along the whole 
length/' tiie impure aur will be qticUy conveyed from 
one sleeping-room to the other. 

Many illustrations might be given of buildings 
recently erected or now erectang, chiefly ventilated 
upon the spontaneous principle; but there is so little 
novelty in the processes adopted, that it is not neces- 
sary to enhune on them. It must be, however, more 
nsefbl to refer to examples tlian to generafiie on tiie 
subject. Reference may be made to the large edifice 
now erecting for a Marine Hospital at Woolwich. The 
nnmerons wards on difoent floots enter from a long cor- 
ridor, firiil are about 60 feet in length, 25 in breadth, and 
16 ieet high. They have open fire-grates. Into these 
there are no direct external air-flnes. The smoke from 
the open fire-places is made use of to aid Hie escape 
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ef Ike vilkM k Near Ike cdfa^ cpcBi«i ' 
•Wllfedr fenteiMH iato a epoi ipM nr- 

roundiiDg the ewtii^ pipe in which the ^aoke from 
Ihe fire meem^ and which paaes op the whole heif^ 
ef tte dmrntf. it is ml, hmnrav friM 

rL«k of the fames escaping from the pipe into the roonis. 
In fiomioar such a prooees o£ Tcmdatkn ctA be of 
ittib OTTiee. 

The diftrenee of opimon thit existe es to weatSm- 
ting airangements is shown by the tbiiowing extract 
Inn Ihe ""Buflder" m 18d8 en Hoental GwelnMy 
tioD and tiie enugaMBt of WmAl"^ The writer 

of the article recommends thai wards be constmcted, 
iu ofder thil thej siaj be hgbted ^nora windows oa 
bodiadei^ nd wf^Be the haporteDee of m e ciii»- 
tive point of view. He recommends that wank should 
not exceed ^ feet m width^ hare no more than 32 
beda — ^16 ob eadi ade — -wHli a window to ewery two 
beds. The windows flhoakL reach from within B feet 
of the floor to 1 foot of the ceilmg. Each bed should 
hare from 1600 to 2000 cobic Ibet of air sj^aooJ' 
He fiffther stirteB lhat *^ km gieater —i^a^^ can be 
committed in hospital construction, as far as hght and 
Tentilatton are coiicemedy than placing the windows at 
one end of a wud, or eren at both end^ with beda 
ranged down the sides, their heads to tiie dead walL'^ 
— " But there has been a greater mistake in the case of 
Ned^ Ho^italy where not only has this most oljectioii- 
aUe prinoiple of constrndaon been adopted, but also 
that of covering the windows in on one side by a glazed 
coiridor/' Our militarj buildings have been and are 

» Vol. ZTi\ No. 816, Sep. 35^ 1858, p. 641. 
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most uiifortujiate in their ariaiigements. The unhappy 
^ etiey Hospital has been cojoed in its wards and corri- 
dor aRangemeiilB fiom siuh plaoes as Chsthttu Gairison 
Hospital, Woolwidi Hospital, ^ In fiust, there are 
lew military hospitals in which the error does not exist 
in one ftna or another.'' <^ A groat mistake and a 
lamentable mkfiMrtmie Is Netley HoepitaL Bnt let ns 
hope we have seen the last of such fatal blunders in 
iKNspitai building/'* The writer of the preceding 
artiete appears to be &Toiiiable to 1^ qpontaneons 
raitilatkm of wards. He observes, that by ^ proper 
construction of a building that nature will reuew the 
air if left to berseU^ which is the best plan." J^o 
dmAt, by improved conetnietion advantages wiH be 
obtained, but it has been shown that while the warm- 
ing of buildings was generally successfiily the removal 
of tiie vitiated air spontaneoiulyy or tiie oomidete rano- 
vation of the air, was not so. The opinions of difbrent 
authorities corroborating those of the author on this sub- 
jeet have been abready given. Tredgold's were fully 
quoted at pages 101 and 103. One writer observes — 
" Mr. Tredgold truly remarks that ventilation is most 
difficult to wn ^ji^^ in in olose and gloomy weather ;"f he 
eai^t to have added, that it is impossible to obtain 
adequate ventilation under any drcumstances according 
his system. For, as the whole basis of spontaneous 
ventikition depends on the poanbility of producing a 
cmient in the air, it wiU be obviona that when the 
exterior atmosphere is in a state of repose, and more 
especially when it is saturated with water ^ that it will 

• Page 691, vol. xvi., No, 810. f Tredgold, page 166. 

0 
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be diffienh or rattier imposdUe to oreale an adequate 

current for ventilation." • 

The defeoto attaching to i^ntaneons TeotUatkNOL 
haying now been pointed out, it most sooner or later 
come to be generally acknowledged that the idea of 
JittemptiDg to ventilate a crowded building in this juaii- 
ner IB a mere dehieion. It is baaed on a fidlaoj^ — and 
were the prindples upon which a thorough system of ven- 
tiktion depends properly earned out^ spontazieous venti- 
hitioD nerer would be j^rapoaedy or even be attampted to 
be applied to anjbivSding where a number of persona are 
to be assembled together. In such a case, spontaneous 
ventilation is a mere mianomer and a burlesque of the 
word Tentilation. Equally so is the pcevaiMng entnr 
that because an apartment or hall is made high in the 
ceiling, it does not require ventilation ; — it is forgotten 
tiiat whether the eeiHng is flat^ domed, or circalar, a 
great hd|^t merely implies an inereased cnbical capa- 
city, and consequently a larger space for the collection 
of ini|Rinties firem leqpiration and eombostiony — ^moie 
partienkrly of gas, which so materially ii^jnres the ahr. 
Ill fact, without proper provision for ventilation, the 
idea that there is any advantage in hi^ ceilings is a 
fidlaof y and its prevalence ineUnes one to imagnie 
that Botwitfaitanding all tiiat has been written and 
said, the importance of a regular supply of pure air, 
and the constant renewal of that which has been ran 
dored ampaze, is ehlier but too littte understood or 
most iiiipropiiiij neglected. 

It may be useful to dose this chapter on spon- 

* Theory and Fnetioe of WanuDg and Yentilatiiig Buildrngi^ 

by an Engineer, Loadon, p. 133. 



Digitized by 



PATtLTAMWfTABY BXFOBT^ 1857 



115 



taneousy nttnrftl, or selecting yentilation, by giving a 
short extract from the Parliamentary Eeport of 1857, 
showing the remit of the eiqieriments made bj the 
Commisfiioiim al the Wdlingtoa BemMlu. lliej re- 
commend, that instead of" 500 cubic feet, 700 to 
BOO cubic feet of space should be attewed per man, 
or, as Id the oase of the WdiiDgtoD Bttnrad^ 
10 persoDS BhoaM occupy the spaoe allotted to 16, and 
that these regulations be enforced throughout the whote 
of tlie United Kingdom;''* . . . Thai thm ahoiild be 
ezitB provided ibr the spent air near tiie odlmg, either 
%y perforations in the cornice at different parts of the 
room by apertm^s made near the ceiling, or by one 
8ii£EboieDt aperture leadmg into the dhimnej, irith a 
rarefier in case of need, to sach an extent as to re- 
moYe &om 15 to 20 cubic feet per minute for each 
OGaaspmL" — ^That a rarefied atmoqkhere may be created 
in a metal pipe, inaerted in the eeiling, leading into the 
chimney, in ^vhich a gas jet should be kept burning 
both day and night, in summer and in winter* An 
vpaliaft drang^ would be ereated, whioh would act aa 
a most effectual means of ventilatk)n."J— " That in order 
to e£Gect an agreeable and pleasant ventilation, and to 
prevent canxoU of cold air roflhing ftom the doom 
and wmdows in tlie direction of the fire, it is reoom* 
mended that the supply of atmospheric air for the 
support of CMubustion be provided from some inde- 
pendent soueev such aa an air dmnnd or tube, under 
the floor, in communication wilJi the external air. 
The ventilation of the room would then be carried on 
by proper ^^ertnres, — that is, independently of the air* 

• Tar. Eep., p. 99. + Do., p. 94. J Do., 1857, p. 92. 
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PLAN OF A DWELUNG-HOUSE 



supply to the fire."* " The Commission is decidedly 
of opinion that so long as the fire-grate is studied with 
a view to a two-fold application (heating and ventila- 
tion of rooms) it will not succeed well in the per- 
formance of either."! 

In the same Report the attention of the Commis- 
sioners was directed to the plan of a dwelling-house 
which " appears to meet all the requirements of a more 
efficient system of heating and ventilation." ..." Its 
success cannot be vouched for, but we consider it as an 
experiment worthy of trial."t 

The annexed section (Fig. 17) shows the two lower 
floors of a house of four floors with eight rooms, and 
illustrates the principle on which it is proposed to 
construct dwelling-houses. The fire-places are placed 



Fig. 17. 
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* Par. Rep., p. 94. 



f Do., p. 95. 



back to back a- 
gainst the par- 
tition wall, and 
the products of 
combustion from 
these are con- 
ducted into a 
single vertical 
fine (bbb) of 
ten-inch diame- 
ter, made of day 
pipes; while to 
supply the fire, 
air-ducts or 
channels ff f) 
leading from the 
} Do., p. 96. 
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external atnuMplim m ktrodttoed beneath the ioering' 

in each room and opening to the fire through the hearth- 
stone. Above the fire-place ia each of the roonui ihid Yer- 
lical flue (b b) would have a descending hnmoh flue to 
fit into the throat above the fire-grate, constructed to be 
fur-tight in relation to the surrounding air-chamber. In 
this plan it will be ob»ved that the prodnols of eom* 
bustiott ftom all the fires of the house are collected 
into one floe with the kitchen fire at bottom, so as 
to ensure more or less heat passmg up the dunmey 
at an times ef the year. Aromid Ihe smeke-floe (5 b) 
it is propoi>ed to leave an open circular space (a a) 
passing up the whole length of the chimney from the 
top of the Idtdien flue (B) to the full length ef the 
shaft. This ciiamber might be made of an octagonal 
form, and would become the means of reheving the 
rooms of the vitiated air,— the heated smoke^flne oanfflDg 
a coirent to rise throu|^ it, and ^ passing above 
by apertures beneath the chimney tops." *^ Thus the 
fire being supphed with air by a sufficiently capacious 
airnhict^ the constant loss of heat^ and draughts from 
wmdows and doors, are obviated, while the air of the 
room is kept pure by the passing away of the impure 
air/' • • . "and without the possibility of the passage of 
smoke through the apertures intended for ventilation." 

This assertion is easier made than proved. With the 
action of eight fires into one clay tube, there can be no 
guarantee for the durability of the tube, nor that smoke 
will not escape into the rooms through these apertures. 
The Keport states, " that in the event of one smoke- 
flue bdng liable to counter-draughts descending &om 
flres on one side to those on ihe other" — a tiimg most 
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likely to occur — ^ two smoke-fliifls migbt be fixed in 
the air-chamber, or the single flue might be divided 
bjr a diapbnigm or ptrtitloiii dtiber of which plans 
would efieotnallj prevent ascending cnirents from one 
room descending into that of another room." 

Amongst the advantages pointed out as attending 
the constnusting a house in this mxBDiBt, would be ^ the 
facility afforded by a perfectly straight and vertloal 
flue for brushing and cleansing/' It is also advised 
that a perfectly dose ti|^ damper be fixed in the 
tiiroat of eadi fire-plaee commnmoalang wiHi the ver- 
tical flue, to shut off any particular room from the 
smoke-flue during the summer months when flres are 
not zeqmied; . • • that donUe panes of ^bba be used 
in small rooms, and double sashes in large rooms/'* 

This scheme seems by far too complicated to be 
of mnch utility. One main ftatnze of it^ vis. keeping 
the rooDi pure by pessiiig away the vitiated air, would 
be rendered nugatory in summer if eight rooms were 
dependait on the heat of one flre.f 

♦ Par. Bep., p. 97. 

f The nine idea ot vmng open fins (shown In fig. 17) has been 

proposed for vsntUating the Wards of an Hospital ; bat each fire to 
have its own fine, and all the flues conjoined. Such a plan can be 

of little use in summer, when ventila.tion is so necessary j and in 
winter, nnless the fires are kept always vigorously burning-, the ef- 
fect of the ascending currents will be inoperatiyei and descending 
ones take their place* 
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CHAFTEK ill. 

FOBCED VENTILATION BY THE AGENCY OF 
FIfiE AND GAS HEAT. 

Fast L 
fibb hbat. 

The difficulties which have been pointed out to get 
rid of the contuuniuated confined air of apartments 
by natural means haTe led to much ingenuity being 
deroted to overcome them hy forced ventilation. But 
when considering this, the error must not be fallen 
into of not distrngoiidung between the yentUadon of do- 
mestie and pnblic buildings. What is meant by the 
inadequacy of spontaneous ventilation, is it^ insuffi- 
ciency chiefily when it is applied to apartments where 
numben of people are congregated, and where strong 
causes of atmospheric vitiation exist. In domestic 
buildings, where few are assembledi the means have 
been pointed oat how^ geneia% speakings to a con- 
siderable extent spontaneous ventilation may, by at- 
tention, be obtained) and houses be improved in com- 
fort and salubiity. 

It has been shown that tiie prindple upon which 
spontaneous ventilation should act, when operating effi- 
ciently, is the producing of an adequate current in the 
air to carry off that whidi has been vitiated. But the 
f^easons have been explained — (pages 99, 100, 101, 102, 
and 112) — why it cannot be relied on to do so in 
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crowded bidldmgs. It has been already shown, bendes 
other reasons, that the foul air^ which at hj^t ascends 
to the cdBBgy is not snffiqently heated to be forced 
in a ^steady cnnent cmroit into the external atmo- 
sphere, and that the ventilating chimney or slialt, in 
general only a few feet above the roof, is not sufficientlj 
high to aasiBt the ascenfflonal movement. 

Cognisant of the &cts which operate against a 
spontaneous renovation of the air in close places, the 
adentific observer regards with satisfiiction the appli- 
cation of a motor by which tiie movement of l&e air 
within buildings can be regulated and controlled. The 
Marquis of Ghabannes remarks in 1814, that he re- 
solved to talm out a patent for his CSalorifet^ and 
to make pubUc his long-meditated plan for regulating 
the temperature, conducting and puritjing the air in 
dwelhngs, and that his chief aim in this was the am- 
bition of being known as tiie author of feraed ven- 
tilation." But while every credit is due to the origi- 
nahly of the Marquis, still the daim he makes cannot 
be admitted, as tiie sabject of forced TentilatioB was 
known and practised long before ina time. Olndously 
the first motor that would present itself to the human 
mind would be the heat arising from the combustion 
of fod: — ^warm air ascends ^ as the spoEks fly up- 
ward," is the observation not of years but of cen- 
turies. The earliest noticed account which the antfaor 
has observed of the appUeation of Are heat to extract 
ini])urc iiir and promote ventilation, appears in the Trans- 
actions of the lU>yal Society of London, vol. 1655. 
Sir Bobert Moray gave an account how fire heat was 
applied at the Mines at Uege. A fire grate cradle 
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was placed within a chimney 30 feet high — with a 

closed ash pit and a tube fitted below the fire com- 
manicating with different parts of the mine/' It is 
probable, however, mines were then ofi»n Tentilated 
by a fire suspended in the shaft to create a current. 
Dr. Desaguliers, in his Mechanical Philosophy, 1744, 
seems to daim the merit of having first applied fire 
draught to buildings in this country. He remarks, 
in his translation Ganger" work referred to at page 
49, that , in 1723^ for dealing the air of the House 
of Conmions^ foul-air grates were fixed, under his 
direction, in closets which he constructed above the 
house, to draw out the unpure air. This appears to 
have been the first application to buildings of the 
prindple of mining ventilation. It was an ingenious 
attempt to extract by forced yentilation the vitiated 
air from the ceiling; — before that, it is stated, the 
eold dense air descended through roof openings and 
annoyed persons below them. 

From the Transactions of the Royal Society of 
London, it appears that in 1742 Dr. Bichard Mead, 
F.R.S., brought before the Sodety another plan of ap- 
plying fire heat to ventilation lor sliips and other pur- 
poses, — the invention of Mr. Samuel Sutton, brewer 
in London — which consisted of a tube or tubes of 
convenient size, dosely fitted into a hole in the ash-^ 
pit of a furnace, or ship's coppers, with small branches 
connected with this tube, leading to various parts 
firom which the air was to be extracted. It is ob- 
vious that this plan was merely another form of the 
application of that which was mentioned, seventy years 
before, it^ by Sir B. Moray. 
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Dr. Mead expressed himself in strong terms in 

favour of Mr. Sutton's plan, which lie says was an 
inventioa which does honour to our nation, and will 
in time be found of more public benefit than any dis- 
covery ill mechanics ' which has been produced for 
tliese three hundred years." The difficulties which 
Mr. Sutton encountered to get his invention &irlj tried 
form an episode fix>m which subsequent inventors 
may gain biuwiedge. With all his perseverance, he, 
like many others, experienced disappointments.* His 
plans were in a few years, as respects ^ps^ disregarded 
' — and disused. The principle of operation was simple, 
but doubts were stated as to its safety from fire. The 
objections^ however, which were chiefly of detail, brought 
against it, might have been overcome. It has been 
recorded by the author of Anson's disastrous voyage 
in 1741, that our men were dying four, Ave, and 
six in a day, and out of a crew, but three months 
before of between 400 and 500 men, almost all of 
them in health and vigour, the .lieutenant could not 
muster more than two quartermasters and six fore* 
mast men capable of working." It is also added, 
" Have tlie late invented plans and obvious methods 
of keeping our ships sweet and clean by a constant 
supply of firesh aur" — (at that time there were several 
plans before the public) — been considered with the 
candour and temper which the great benefits they 
promised ought naturally to have inspiired?" On the 
contrary, have not these salutary schemes been often 
treated with neglect and contempt?" " I impute this 

* Extract from " Essay on the Ventilation of Ships," by the 
writer, printed in the Trans, of the R, S. Sociely of Arts, 1843. 
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to hata^d of all kinds of inventions, especially snch 

as are projected by landsmen and persons residing on 
shore. For the Centurion, with above 400 men on 
board, sailed on her yoyage mthout any odier provi- 
sion for ventilation than the ancient wind sails, which 
were found sometimes useless." 

The same idea, which Mr. Sutton entertained for 
ventilating ships, was revived in 1810 by Mr. Braith- 
waite. He mentions, in a work published by him, a 
method of drawing out air from the interior of ships 
by leading tabes of two inches diameter from the most 
remote parts of ships' holds to the galley &e. These 
tubes can with the utmost facility be placed so as to 
prevent ^arks or soot finding their way down, but 
which idea was so prevalent some years back, that 
they were discarded from the Xavy." 

Other methods of using air tubes have been suc- 
cessfiilly apphed to the ventilation of ships and the 
airing of the timbers; and such tubes, both in tim- 
ber and iron built ships, have been incorporated with 
advantage in their construction. 

Mr. Sutton's idea, of ventilating by tubes, was 
taken up by Sir George Paul, Bart, in 1801, for 
the ventilating of hospitals and siups.* He con- 
sidered that^ in crowded wards of hospitals, channels 
for the escape of foul air were not sufficient to 
preserve a healthful respiration, unless the tuneiit 
was increased by rarefaction. He proposed an air- 
tight funnel to be made near the ceiling of the 
room, to convey the vitiated air to the ash-pit of 
a close stove or grate, to supply the air for com- 

* Trans. Soc. of Arts, London. 
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busdon, and passed from thence into the chimney. 

This plan of carrying away noxious exliakitions by 
tubes has now become common, even in domestic 
buildings^ — and has of late yeaxs been strongly urged 
npon public notice, as an excellent method of ex* 
tracting the iiiliummable gas and heavy airs in coal 
mines.* In 1835 Mr. John Munay, Lecturer on 
chemistiy, Hull, in his evidence before a Select Com- 
mittee of the House of Commons' " on Accidents in 
Mines," recommended for their improved ventilation 
what he termed a system of tubes; one connected 
irith the roof, to carry the heated air (of the galli i y) 
from the superior aerial stratum of the mine, and 
the other to bring down a current of heated air to 
replace that.'' f'But in order to accelerate the yen- 
tilation, I should have the upper surface of the tube 
connected with the roof of the mine entering a brazier 
of ignited coke or charcoal. This^ howeveiv I would 
arm against occasional explosion by several folds of 
wire gauze. I would employ what is called Han- 
cock's elastic Indian rubber tube, which costs about 
Is. 6di per yard. It is about one inch in diameter, 
and so very flexible that it could be eadly bent in 
any direction and carried to any part of the works. 
The tube may be inserted in the wall of the down- 
cast shafts and be imbedded in the lower part of 
the floor of tiie mine — and by having a second pipe 

* The Parliamentaiy Report on Mines states that the Teapira- 
fion from tnereaBed atmospheric pressure and violent exercise was 

1-lOth, and that 14 cubic feet uf air at least per minute for each 
person is necessary for respiration ; as also that 2385 cubic feet of 
air was required per hour for a horse, or 43 cubic feet per minute. 
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to carry off the heated ah* and the lighter gas from 
roof, connected with a brazier of ignited coke, it 
wouidy I think, render it independent of a force- 
pump." 

This method of ventilation was objected to by 
some scientific witnesses (amongst others by the late 
Geoj^ge Stephenson, C. from the difficolty of forcing 
air through pipes, the distance the air has to travel 
in some mines being more than thirty miles — and be- 
cause the tubes would " be liable to be crushed by the 
thill lurising and the roof coming down." The current 
lliat is passing in the downcast ebaft mnst travel 
thirty miles or upwards before any heat is expended 
in the upcast shaft. Of that fact Mr. Murray says 
he was aware. Mr. Nidiolas Wood, coal-viewer, states 
in iiis evidence that 'Mt is well known that through 
small tubes you cannot force air to any great dis- 
tance." f I believe," he says> there was an es|»eri* 
ment made at the Garron iron-works by endeavouring 
to blow air through pipes between one of the fur- 
naces and the other, and the effect was, that althou^ 
a very considerable air-pump was employed, the re- 
sistance of the air was such as to counteract that, and 
very httle current came from the pipes." Professor 
Leslie also mentioned this fact in his Diss, £ncyc. 
Brit, and attributes it to the angular reostance and 
great friction. 

This plan of ventilating mines does not appear to 
have found favour, but it has been repeatedly revived* 
At the exhibition of Inventions of the Sodcty of Arts, 
London, 1858, Mr. J. W. Fuall, Alston, Cumberland, 

* Bep. Sel. Com. Gommons, AfiddeDts in Minei," 1835, page 
106. t Ibid, page 59. 
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exhibited what was termed a new invention for yen- 

tilating mines. The apparatus consists of a series of 
tubes built into the cliimuey above the furnace, with 
one end openmg into the mine and the other into 
the upcast shaft By tins arrangement all the pore 
or impure air may be brought into contact with the 
rarefying gases without risk of accident This is the 
revival of the plan of Mr. S. Sutton and others, of 
120 years standing. Another phm, of a somewhat 
similar kind, entered in the Year iiook of Facts 1856, 
has been also lately brought under public notice. 

Notwithstanding these suggestions and various others 
wliich will fall to be afterwiu'ds mentioned under the 
different heads of artificial ventilation, the plan first 
introduced for the ventiladon of coal-pits still con- 
tinues in use, and seems to be generally preferred, — 
namely, a furnace placed at the bottom of the upcast 
shaft, where there are two shafts, which should al- 
ways be provided, — but where one large shaft only is 
used, it is divided by a brattice or partition, one 
half becoming the upcast shaft and the other the 
downcast ; but when there is only one large shaft at 
a pit, from 11 to 15 feet diameter, it is often divided 
into tin-ee parts — one for the upcast, one for the down, 
and the tliird fi>r pumping. The aerial current shown 
in the upcast and downcast shafts of mines, acted 
upon by the po^ver of heat, uniiitcrrupted by cross 
coimteracting currents below, is a beautitul illustra- 
tion how a movement of air is created. The fresh air 
being drawn downwards several hundred feet, passing 
through the various horizontal passages, workings, and 
chambers of the mine, to supply air for the workers and 
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horses employed, is kept up at a certaia rate of velo- 
city — from 3 to 4 feet per second — till it arrives ut 
the tonace at the b<jttom of the upcast shait, when it 
increases from 8 to 10 feet per second, and thence 
passes upwards ivith the accumulated impurities of the 
'luiiic into the atmospliere. The average temperature 
in the upcast shatb, taken half way betweeu top and 
bottom, may be assumed at 90^. 

Different opinions exist as to the' best mode of ren- 
lating mines, and a vast amount of evidence has been led 
before Conrndttees of the Houses of Parliament on the 
subject, having chiefly reference to accidents and the em- 
ployment of children in mines. In one of these Reports 
(1842)* it is stated that the best mode of ventila- 
ting mines yet discoyered is by means of two shafts, 
sunk near each other, perhaps from 12 to 20 yards 
apart. A stream of air is made to descend one shail, 
called the ^ downcast shaft,' and a corresponding stream 
of air to ascend the other, called the ' upcast shaft/ 
The au' is set in motion by means of a fire kindled 
at the bottom of the upcast shaft.. A portion of the air 
in' conlact with the fire in this shaft undergoing the ordi- 
nary chemical change which takes place in atmospheric 
ahr in the process of combustion, is decomposed : the 
nitrogen is separated, and the oxygen, uniting with the 
carbon of the fuel, forms carbonic add gas. Both 
these gases, as well as the portion of atmospheric air 
which remains undecomposed, being heated, are expanded, 
and occupy a proportionally larger space than the same 
weight of common atmospheric air, and in obedience 
to the laws of all fluid bodies are borne upwaids; 
* Par. Bep., Children in Mines, 1842, p. 45. 
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consequently a strong conent of air ascends the shaft ; 

but it' ;i tree communication has been established below, 
between the two shafts^ an equal current must at the 
same time necessarily descend the second shaft to fill up 
the partial yacnnm wMch has been made in the first''* 
Here, then, a power is generated by the furnace capable 
of forcing a current of £resh air far beyond the distance 
to which any mine extends. The fire acting according 
to the degree of heat steadily maintained at the bottom 
of the upcast shall. To whateyer distance we may sup- 
pose the main-ways, side-ways^ and all othev works of 
the mine to be carried, communications may be made 
between them, and by means of doors properly placed 
the circulation of the air may be conducted and guided 
through them to any extent and in any direction. 
Fig. 18 is a yeiy simple dii^iinim showing tiie 
Fig. 18. principle of arrange- 

The arrows indicate the ment fOT ventilation 

^ ^ conr.sc of the air through the , t • • 

y J underground passages firom the Without the mtl'l" 

y downcast to the upc^t shalt, cacy attaching to a 

and the lines drawn irom one " 
pillar to another show the trap plan of all the ways 

doors or partition which pre- ^ extensife pit: 
▼ent the cufieat of Mrdiverging t i**. • 

to the upcast shaft befon It has — a, the downcast 

swei^ttheiiioredistantworkings. ^^^^ ^ 

shaft; cc, the work- 
ings eommenced. 
The advances are 

made from the bot- 
tom of the pit. Whateyer be the distance, or 
whatever he the direction, they are always made in 

* Report by Commissioners on the Employment of Children in 
Mines, 1842, toL zr., page 45. 
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double galleries or ^'bords" about six feet apart — 

one for air in its course from the downcast shaft 
a, and the other for its return to the upcast shaft h 
When these have been pushed five yards onwardB^ a 
short traverse gallery or cross passage dd ia made 
between tlieni. Trap-dooi-s or partitions e 6, properly 
placed, direct the current of air as may be desired. 

Mming ventilation at first view appears complex. 
Indeed, when the workings are extensive, and nume- 
rous partitions or stoppings requu'ed, it is difficult to 
be understood ; but Dr. Birkbeck, in his evidence before 
Parliament^ says that mines are ventilated on the 
same principle as rooms, but with certain additional diffi- 
culties arising from the length of space to he ventilated 
(amounting in all its convolutions sometimes to 31 miles) ; 
still always requiring the same process, — that is to say, 
allowing heavier air to displace air that has been ren- 
dered lighter by some means or other, and thus m short 
producing motion in the shafts."* But althou^ the 
principle of operation may be the siiuie, yet he mi<^lit 
have added that there is no analogy between houses 
and mines firom the disastrous results which attend 
the neglect of ventilaUon in llie latter. In truth, 
there is not one branch of ventilation of more impor- 
tance, and which requires more knowledge and skill 
to be brought to bear on it, than ooal-mining venti- 
lation. In reality it is to carry a current of fresh 
air along with the workers, and to effect the perfect 
removal of unpure air. But tius unpure air is ren- 
dered more dangerous by inflammable and other gases ; 

* Bep. Select Com. Commons, Accidents in Mine*" p. 286, 
vol. v., 1835.— Evidence of Gt, Birkbeck, M. D. 
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and a]} aclenoe has yet done has not been sao- 

cessful in preventing those deplorable accidents and 
los» life in fiery mines of which we too o^^en hear. 

Although Yarious mechameal means have been ap- 
plied with different degrees of success to ventilate 
mines — such as the steam jet^ pumps, fans, and other 
contrivances to be afterwards noticed — the gieneral 
plan in this country is the furnace system; while in 
Belgium* and other coal districts on the continent arti- 
ficial means such as fam and pumps are for the most 
part nsedyf but in no instance producing 40,000 cabie 
feet per minute, and in most cases not half that amount.'* 
The Fourth Keport of the Select Committee (>i the Com- 
mons on Accidents in Coal Mmes, printed 26th June 
1854, page 3, states, that having ^ well wdghed the 
evidence which has been published, thc?y are of opinion 
that imperfect ventilation is the cause of the numerous 
accidents &om fire damp ui this country." Hui 
the Committee directed their attention to the various 
methods by which a supply ot air might be obtained, 
with a view to determine their rehitive effidency. 
Those which were brought under their notice may be 
stated under f )ur heads, — viz. the Furnace system, the 
Steam Jet, Mechanical means, and Natural ventilation. 
They haive had the results of various eiqperiments laid 
before them, and have examined witnesses as to tiie 
merits of the different modes of ventilation above 
alluded to, and have to report that the preponderance 
of evidence is decidedly in &Tour of the- Furnace — 
especially where shafts are deep." 

* Beport of Com. Aecitots in GmI MIum, 26tb Jane 1S54, 
p. 36. f lliid. Beport, p. S, 
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The uriTal at this decbioii need excite no sur- 
prise, eonsidermg that the convenience of the furnace 
system, where coals are at command, would naturally 
«noD^ lead to the preponderance of eyidence in ite 
fikYoor; — bnt tiiose who will consult the mass of eyi- 
deiice taken by Parliamentary Coimiuttccis^ and tliB 
Reports of Mining Inspectors, in 1835, 1842, 1844, 
1849y 1854, &c.f will find that in the opinion of many 
well competent to judge, the use of furnaces placed at 
the bottom of the upcast shafts has been attended with 
much risk, is no doubt the cause of many accidents, 
and hence is not so safe as artaficial agency. It 
seems strange that it did not occur to theae Corn*- 
mittees, as the cbief cause of death by accidents arises 
fiom the choke-damp— twO'thirds of the deaths h&ng 
caused by it,— -that the fomace draught necessarily 
ceases, and becomes usel^, from the liame being ex- 
tinguished by the carbonic acid g^s wiwih is generated 
by the explosion, — ^where^s, by a well smng^ process 
of mechanical -agency, iresh air could be forced down- 
wards, to neutralize, or to diaw upwards the choke- 
damp at all times, even at and after the explosion; 
These furnaces are recommended to be &om about 4 
feet to 6 feet long by about 10 or 11 feet broad, to pre- 
sent a great heating surface to the current ; thin and 
low in the dome, so that the air may be brought as 
mudi as possible in contact with the fire, ajid so con- 
sume the coal, carrying off as little smoke as posaible. 
That is the pertection of fumace-diiviug under ground, 
and it is important to make the aur-ways large and 
copious."* But besides the furnace, the size and eieva- 

* £Uioi'8 evideiice, Pur. Rep., 1849, ^ 282, and 1854, p. 28; 
aibw Wood's evidence, ISZ^y p. 57. 
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tion of tlie shaft tends to regulate the velocity of the 
current. 

To avoid the risk of passing the loaded returns 
through the furnace, in fiery mines, what is called a 

"dumb furnace" is used. The current of air is di- 
vided before reaching the upcast shaft. A smaller 
portion of the air drawn from the mine, instead of 
passing through the iumace passes over it, entering 
the shaft by a dumb-drift in an angular direction at 
some height above the fire, whil^ the return air which 
is not inflammable supplies and passes through the 
furiiuce.* By this plan the risk of explosion is greatly 
avoided; still, in the opinion of some who gave evi- 
dence, the furnace at the bottom of the shaft can 
only be considered as a naked light, and may occa- 
sionally produce the ignition of the gas. Some mining 
engineers have advocated the placing the ftirnace at 
the top of the upcast, and to build a large chimney 
over it in order to avoid the risk of explosions in 
kindling the fire at the bottom of the shaft.f On 
this point the late George Stephenson, C. remarked, 
in his evidence before a Select Committee of the Com- 
mons in 1835, that ^' fiunaces placed at the top are 
not so good as at the bottom; the deeper the pit, the 
more effect the furnace will have in causmg ventila- 
tion" . . . . " an auxiliary furnace at top to one at 
bottom would have a very slight effect, compared with 
a very small addition of fire at the bottom.";^ 

• Report, 1835, p. 40, and 1854, p. 26. 
f See Beport, 1835, p. 194. 

I Do. 1835, 106; See sbo cause of Draught in Ghim- 
mjn, page 7 of this work. 
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As SO much valuable mformatioii on the ventilation of 

mines is ^ven in the rLuliamentary Reports, it is not 
the iutention of the author to enter into details as to the 
various modes of worldug nunes; but he wili^ in a sub- 
sequent portion of this work, notice the different motors 
which have been tried or proposed to avoid this danger. 
The importance of forced ventiUtion is iiillj' brought 
out by the Reports of the Government Inspectors of 
Mines, 4tli May 1854, embraced in the Keport of the 
Select Committee of the House of Commons, 26th June 
1854, in which they state that an a^jeqoate artificial 
means of ventilation shonld he provided and constantly 
employed at every coal and iron-stone mine."* 

OAS UQHT USED IN MINES. 

A most useful application to aid the labours of 
man is the introduction of gas light into the bowels 
of the earth, to enable miners to carry on thdr un- 
derground laborious employment In all mines where 
no inflammable gases exist, this a simple process ; and 
even where they do exist, the dif^uLty may be over- 
come. In a paper brought before the Institute of 
Civil Engineers in 1857-8 by Mr. A. Wright, it was 
shown that the expense of ^vorking mines in Cornwall 
and Devon was much less with gas than mth can- 
dles, and that the health of the wozkmen was un- 
proved by it. 

* Select Com. GomnxniB on Accadents in Mines'-^ and 4tih 
Beports, p. 44 and p. 72 ; and Suggestions, p. 8. 
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DIFFEBBNT METHODS OF APPLYING FIRE HEAT TO THE 
VENTILATION OF BUIIJ)ING8. 

CHIMNET DRAUGHT. 

Of recent years the extension of the chimnej 
dranght has been applied, with Tarioiis adaptations^ 

on the principle adopted in mines, to the ventilation 
of buildings. The vitiated air being conveyed to the 
bottom of a yertical shaft or chimney, where a fire 
is kept burnings aseend9 with the rarefied cuirent. 
Sometimes the extracting chimney stands isolated from 
the building (see Plate II. iig. 1) as at the Perth Peni- 
tentiary, ioe^y where the foul air from the cells, pass- 
ing downwards, enters a horizontal under-ground tun- 
nel, and is conveyed to the bottom of the chimney C, 
where a large fire / is kept burning. Another plan 
adopted is to place an iron smoke-pipe 6, 8 to 15 
inches in diameter, within a cliimney C, or iron fun- 
nel of larger diameter (Plate 11. figs. 2 and 3), This 
plan has been diiefly used (probably ibr conyenienoe and 
economy in fuel) where a furnace / exists and is used 
for other purposes, at the basement of a building. 
The smoke>pipe b is sometimes led so &r up the 
large diimney C (fig. 3), or it may be carried up 
the whole height (fig. 2) and escapes at the top. 
The heat from the inner pipe is supposed to be suffi- 
cient to rarefy the air within the large chimney, and 
to draw out the vitiated air from a building of seve- 
ral floors at ccc, and then to c-arry it upwards with 
the smoke into the atmosphere. This plan of ventila- 
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tion has been tried at seyeral prisons — amongst oUiers, 

at the Calton EQll, Edinburgh, the ventilating and 
waiming of which, as also a part of the Perth Feniten- 
tiary, wesre done by Dr. D. B. Beid« This phm of yenti.- 
latiuii has also beeu adopted at the new buildings of the 
Koyal Infirmary, Edinburgh, and at some churches and 
other buildings in London and elsewhere. 

Hiere appears no certainty by those metiiods of 
ventilation by fire heat that the products of corabus- 
tion may not find their way back into the rooms or 
corridors through the flues which connect them witii 
the chimney, — the reflux of impure air being quite 
possible. Wlien there is a strong fire with a high 
chimney, it will diminish the risk; but when the fire 
gets languid; the same cause that produces back*smoke 
may operate and give an uncertainty of action to this 
method of ventilation which must detract from its use- 
fulness, and -the quantity of fad required, in order 
to be effective, is very great. Besides which, the in* 
ner smoke-pipe, exposed to damp soot and vapour, 
must soon lead to the decay of the pipe, and increase 
the risk of the escape of smoke from it into ihe 
large chimney, which may be termed the ventilating 
shait, and from the latter it may find its way back 
into the apartments, — thus producing vitiated ,air, in* 
stead of extracting it. 

Another method, perhaps simpler and more easily 
applied, consiste m baring a fire / plami under the 
roof of the building, with a chimney C aboTe it (the foul 
air ascending with the hot ciurent), carried as high 
as can conveniently be done, which in such a posi- 
tion, in general, cannot have much elevation. This 



136 YIENTIL^TION OF BUILDDTGS BT TIBE HEAT. 

arrangement for ventilation has been adopted at a 
number of bnOdings, amongst which may be named 

the Middlesex Hosi»ital, Lunatic Asylum, and Detention 
House — ^the Model Prison^ Pentonville, and other ph- 
8ons-*4he Consumptioii Hoi^italy Lond<m^ &c. At l^e 
Houses of Parliament this method of extracting the 
air is now applied under the direction of Mr, 
Gnmey (1860). Fig. 4^ Plate 11. represents the pro- 
cess of a fire at the roof x—f is an iron grated backet 
below the shaft. By the rarefaction, the foul air is 
drawn fix>m difiEerent places to it, and receiving a great 
increase temperatnre rises rapidly up the shaft C* 
In some cases the chimney C is placed at one side and 
the fii'e grate at /. This method is adopted at the 
Toxteth Hospital^ Liirerpool, &c. Pig. 1, Plate 111. 
shows the manner in which the foul air is extracted 
at Pentonvillc Prison : — -/ is a furnace at the roof for 
summer yentilation^ A h are smoke-ilues. During the 
winter months, when the fires are lighted in the appa- 
ratus below, w Wf the smoke and disposable heat h h 
being thrown into the ventilating shaft v v above the 
upper cells, will generaUy be found sufficient to secure 
an effectire yentilation." Fresh air fines k k convey 
the ail' to tlie apparatus w w, where it is warmed 
in winter, and from a main fiue passes thiough snuiU 
flues tenninating in a grating placed dose under 
the arched ceiling of each ceB.''* It may well be 
doubted if the temperature of the smoke would be 
sufficient for the purpose of drawing the air upward 
firom the floor of the cefls, and it seems but an im- 
perfect plan to be recommended. 

♦ Prison Report, XUl, pp. 14, 17. 
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At the Houses of Parfiament wions sdiemes hATe 

been tried. It has been shown that the fiiot arrange- 
ment of ventilating by fire-heat was by Dr. Desaguliers 
in 1723* The same agent was also apj^ed under the 
directions of Sir H. Davy in 1811, and by the Marquis 
of Chabannes in 1820. 

After the destruction of the Houses of Parliament 
by fire in 1835, a select Conmiittee of the House of 
Commons took evidence on the subject of ventilating, 
warming, lighting,^ and the transmission of sound, so 
that a systematic phin should be assured before com- 
mendng the new Parliamentary Buildings; and they 
recommended that some if not all of Dr. D. B. 
Keid'a suggested alterations should be submitted to 
ezpeximesDt during the recess of Parliament^ as the 
only means of accurately ascertaining the soundness 
of the principles stated in evidence, and their useful 
application/' This led to th( experimental House of 
Commons, in which Dr. field's ideas were carried into 
effect. He has published, in his work 1844, so full a 
description of his plan, that it is unnecessary to do 
more than refer to it. It was several years in opera- 
tion. The ventBation was earned on by a powerful 
ftimace /, (Plate II. fig. 1), 9 fiset in diameter, placed 
at the bottom of a chimney The vitiated air as- 
cending to the cdling was drawn down by the 
shaft by the large &re at / endrding it, and ascend- 
ing the extracting chimney C "with the products of 
combustion from the fire. The cold or fi:esh air, re- 
gulated in temperature and moisture^ altered a cham- 
ber below the floor by the conduit e. The olject of 
this arrangement of bringing the foul air from the 

B 
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eeilmg to the fire below mB, thai it was more con- 

venient to have the furnace at the basement thun at 
the roof, as bj doing so, greater eleyadou could be 
giyen to the chimney. In this example, the lare&c* 
tion of the column of air is supposed to be sufficiently 
powerful to overcome the natural resistance which 
hgfat fluids possess to go through heavier. But it 
must be obvious tiiat great power of flame is neces- 
sary to draw down the vitiated air — and that the 
advantages of elevation of chimuey are more than 
neutralized from the loss of power by fliction and ces- 
sation of action when the combustion is languid. The 
ventilation by this method is entirely forced, whereas, 
by having the fire in the root, it is partly assisted. 

The retu!ement of J)r, D. B. Beid led to the intro- 
duction of a different arrangement for the ventilating 
and warmitig of the House of Lords from that of the 
Commons. In the House of Lords, Professor Faraday, 
in conjunction with Sir Charles Barry, adopted an as- 
cending and descending system from the ceiling, which 
was divided into three compartments — two for the 
emission of the foul air, and one for the admission of 
fresh air.* From a description which was pubtished in 
1847 of the arrangement for warming, ventilating, and 
hghtmg the new House of Lords, it appears that the 
wanning was produced by steam cockels, and the ven- 
talation by means of Gumey's steam-jet at the roo^ 
by means of which the iiiipmc air drawn from the 
House by one of the ceiling apertures was expelled 
into the atmosphere. The lighting was effected by 
Faraday's gas-burners. These things are mentioned, 

* See Plate, Chap. V.,--Steam Jet. 



Digitized by 



AND OTHBB& 



not from anyintrimie merit the system posgened, l«t 

to show the changes ^viiicli have been adopted in this 
building, Tor in 1854, ia the evidence given before 
the Committee of the House of Lords^ we find Mr. 
Jolm Lesfie, when describing the plan tiien in itfle^ 
stating that there was " a twenty-horse-power engine, 
which forces the air up as well as down into and out of 
the House, the foul air bdng pushed out by a 6n as well 
as the cold air pushed in by a I'au." * Mr. Leslie 
recommended an ascending plan of ventilationi with 
a funiace above the ceUing/'f 

As it has been shown (page 187) that Dr. D. B. 
E«id ventilated the House of Commons l)y fii*e-hcat 
placed in the bottom of a sha£l^ but on the ascending 
principle, and as on his retirement Dr. Gumey has ap* 
plied first the steam-jet and then fire-heat at the roof 
to extract the vitiated au*, a description will be given 
to illustrate the process which has now been adopted. 
A few years brings about many changes. The dif- 
fusion of air in the House without draughts being 
perceptible to any of the Peers, must be a convincing 
proof the success of the plan'' was found to be not 
correct. Offensiye currents were complaiaed of, and 
the st<»am-jet was given up — it is said from the diffi- 
culty of keeping up the steam requisite, and the trou- 
ble and expense attending its use; and probably the 
noise it made formed some part of the objection to 
the system. In 1851 and 1852 Mr. G. Gmiiey was 
consulted about the ventilation and Ughting of the 
Houses of Parliament, and received an appointment in 
regard to these matters from the Board of Works. 

• Q. 327, p. 81. Q. 326, p. 30, and 376, p. 35. 
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He gave evidence befoie Committees of the Loirds and 
Commons in 1854. Three Reports, with the evidence 
taken^ were printed by the Commons, and one Re- 
port bj the House of Lord& The third Report of tiie 
Commons is dated 24th July 1854, and from it the 
following extract is taken. ^' The House of Lords 
having communicated to this House the decision of 
theur Committee, who recommended that the yentilar 
tion of the House of Lords and all the corridors and 
chambers adjoining, except the Library, shall be en- 
trusted to Mr. Gumey," — " that portion occupied by 
the House of Commons having been abeady temporar 
rily confided to his superintendence, your Committee^ 
satisfied with the experiment as far as it has gone, 
although necessarily as yet imperfectly carried out, 
thought it right to examine Mr. Gumey as to his 
willingness to undertake the ventilation of the whole 
Building, and as to the terms on which he would be 
content to do it."* 

The result was that Mr. Gumey undertook the 
management of the whole ventilation for £1000 per 
annum, f Should Mr. Gumey continue to please both 
Houses, he is certainly fortunate, coming after so many 
able men who have attempted to do so and failed; 
and it is therefore not without interest to know the 
methods he has adopted. In the first Report to the 
Select Committee of the Commcms m March 1854, p. 5, 
he presented to them a written report, and advises the 
follo\mg changes to be made: — 

* Third Report Select Com. Houae of Lords, 24th July 1854, 
p. 3, vol. ix. 

f Tbird Beport Commom, p. 2, July 21, 1854, vol. ix. 
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" liij In regard to the House itself, — tuMae that 

all the windows be made to open ; 2 J, That the pre- 
sent cumbrous and complicated mass of wanuing ap- 
paratus be remoTed, and that a more simple and 
manageable arrangement be made; Sdy That the 
system of ventilation be changed to the downward 
system; Ath, That all the lights in the Lobby and 
Division-rooms be insulated by smoke-flues, so that no 
lieat from them or products of combustion sliould 
come into the House ; also that the same arrangement 
be extended to the corridorsy halls, andpassages^ and 
every other part of the House/' &c. 

Mr. G amey states " that the House of Commons 
was not ventilated by him till 1854, when he waa 
fint called to report on it."* Th^ description of how 
he proposes to effect the Tentilation may be taken 
from iiis own evidence given to the Committee of the 
Lords in May 1854. In that evidence he differs 
from the opinions of many other scientific men. Thus: 
" Question 637 — ^Your opinion is very strong that all 
the exhalations from the human body^ and other im- 
purities iathe atmo^herey descend very soon?" Afh 
swer — I tiiink the most disagreeable do ; I have no 
doubt of it."t 

His ventilation is thus managed : The change 
which I have made in the House of Commons is to. 
admit fresh air freely to the lower parts of the House, 
and also above the ceiling, so that there is now a 
pneumatic balance between the external atmosphere 
and that of the House ; consequently, whatever air is . 
required in the House to muntain this balance comes 

* B«p. Loidfl, May 1854, Q. 468, p. 42. f Ibid., Q. 637, p. 68. 
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fredj in of itself. No power is used to dzhre it in. 
Any break of the balance by I3ie escapage of the yi- 
tiated air is instantly and simultaneously restored."* 
. . . • The fresh air comes partly tJiron^ the 
floor and partly above* The floor is perforated foil 
of holes under the haircloth ; it is a cast-iron floor 
full of holes — the air is free to come tlu'ough any por- 
tion of it" (Q. 644, p. 63.) He maintains tiiat the 
air does not bring dust in witii it. The House is 
now like an inverted jar filled with warm air : noliiiiig 
disturbs it ; no cold afiects it. A jQuniliar instance is 
that of a lady's dress : their petticoats are open at the 
bottom to the open air, yet in the coldest weather 
they do not feel cold." The windows in tiie Commons 
are opened so as to admit the free access of the ex- 
ternal air on both sides to sweeten the House, but 
not opened when sitting," f Alter some e\^dcncc given, 
in which he states he had changed the opinion in his 
first report; he says — Two fifths of air is admit> 
ted at the floor, and three flfUis firom iiie celling 
through the sloping roof/' and " the worst air in the 
Commons is now carried thi'ough the carpet at the 
centre of the floor about 30 feet aboye the basement.'^ 
** A double operation takes place at the floor: fresh air 
is admitted, and foul air is drawn off. "J " There is a 
special air-shafb reaching to the carpet — ^about 10 by 
20 feet; throng this the air is extracted; this de- 
scending shaft extends all the way from the lioor of 
the House; communicating to the clock-tower. The 
dock-tower is made an upcast ; so that the vitiated air 

• Report, Lords, May 1854, Q. 642, p. 63. 
i Ibid. 1854, Q. 646, 647, p. 64. } Q. 657, 659, aud 667. 
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is drawn np tiirongh the dock-tower after h&skg drawn 

along the vLiults passage, and down through this shailt 
communicating with the centre of the carpet^" Q. 664. 
*^ What makes the air go out again at the bottom; 
is it done bj fomaoe?'' ''Yes; the dodi-tower is 
converted into an upcast," Q. 671. 

The summary of Mr. Gumey's Eeport dated 17th 
June 1854, — tnm which it would seem to bear ont 
Professor Faraday's remark when his opinion was asked 
Have you examined the present system of lighting 
^ and ventilating the House of Lords have not 

examined since the &at arrangement by Sir Charles 
Bany. I have preferred keeping myself out of a 
knowledge of the facts — thinking the matter was al- 
ready too much complicated." From Mr. Gumey's evi- 
dence it appears that the term he has adopted to 
describe it is — a pneumatic balance between the open 
air and the house."f By this plan part of the vitiated 
air is extracted from above and part from below, and 
an agent is employed to extract the air or accelerate 
the current. The air is also wanned, as on Dr. iieid's 
system, in a chamber of preparationi anii the gas* 
burners are entardy separated from the apartments 
which they illuiiiiiiate. 

Upon a recent examination, during the spring ses- 
sion of the present year, of the Houses of Parliament, 
which were then under Mr, Gumey's management, large 
coke fires were burning in iron grates under the roof 
of the building, for extracting the vitiated air from 

• Report, Loids, 1864, Q. SIO, p. 92. 

f App. D., Report, Loids, 17th June 1854. 
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the foul-air flues. These fires CQnsamed at the rate 
of six hnshels of coke or dnders per hour to give the 

requiied heat, and were kept strongly burning during 
the whole sittings of the Houses. The quantity of fuel 
requued does not well agree with Mr. Gumey's evi- 
dence in 1854, when he stated that he " could do 
with a small fire." * The foul air drawn from the hori- 
zontal flues above and below passes under and around 
the charcoal flres into a yertical shafts and from thence 
into the atmosphere. The fumes from the friel must be 
most offensive, if not injurious to those who attend the 
fires. The products of combustion fix>m the gas^humens^ 
separated from the Commons House by a glass partition 
(the plan Mr. Gumej proposed for both Houses), ai'e 
led by tubes placed above the burners into the main 
Yentilation shafts. Mr. Gumey^ in his evidence before 
the Peers, at first proposed for that House to use 
" ventilated ring-burners" placed at five feet froui the 
ceiling ; but he states that he gives a preference over 
all other modes to the plan of <^ lighting tiirough the 
ceiling m a manner sonilar to that adopted in the 
House of Commons." f 

In the warming of the House, so essential in win* 
ter^ Mr. Gumey seems to carry very much out the 
plans of Dr. Reid in moistening and warming the aii' ; 
but instead of using hot-water pipes, steam apparatus 
upon a new constmction has been substituted by him. 
What he terms steam batteries'' Fig. 19, are used, 

* Beport, loria, 18H 478, p. 43. f Q.987. At«7 
Ingiemoiis plan of lighting gM-bDin«ra at the roof by hmmm of 
a galvaoio battery has recently been intoodnced. 
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Fig. 19. 



which consist of metal plates 
9 inches square, placed ver- 
ticallj about 2 inches apart 
from each other, forming a 

block 30 inches long. These 
plates are heated bj passing^ 




a steam-pipe through iliem. The number of these bat- 
teries is increased according to the extent of heating 
required. At the House of Commons a great number 
of these batteries^ heated by the same steam-pipe^ are 
placed above one another in the vault below the House, 
exposing a considerable extent of heating surface, there 
being about 24 plates in each battery. The object of 
this complicated invention is to avoid the risk of the 
plates themselves reaching the same degree of heat as 
the steam-pipe which heats the plates. The air is 
raised to a temperature of above 64°. In cooling the 
batteries, wet woollen cloths of non-conducting sub- 
stance are laid upon them, or they are covered by the 
person in attendance, which is a troublesome process; 
but Mr. Gumey states that the surface-batteries can 
be cooled by ice. In the House of Lords the bat- 
teries are placed on the floor of a vault in four pa- 
rallel ranges^ all connected for evaporation together, 
the small steam-pipe passing throu^ each row being 
suppUed from steam-pipes over it, bringing the steam 
firom the boiler. 

This mode of heating does not seem to present 
sufficient advantages to lead to its being preferred to 
hot-water pipes ; — it is both more expensive and com- 
plicated; it requires a great many batteries to bring 
up the temperature, and each* of these batteries will 
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cost several pounds exclusive of their erection. It docs 
not admit of the heat being turned off and easily 
reduced when cooling is required. A close iron store 
on a simSar pkn, witih radiating pktes, has been lately 
introduced.* The plan for the iiltrution of the air by 
Dr. Keid is still continued, — namelj, of passing the 
air through porous cloths^ at the apertures at which 
the fresh air is admitted, which at the House of 
Commons are at the ground-iioor of the inner court. 
A simple plan o£ imparting moisture to the air hj 
means of spray-jets has been adopted. A smaH jet of 
water strikes on a disk, which creates a soft shower 
falling upon the porous cloths or upon the door. 

This downward system was first appHed to the 
House of Lords, where it appears to have been con- 
demned, and is now converted by Mr, Gumey into a 
movement of the air upward and downward at the same 
time, and also opening \nndows This led to tiie follow- 

reiiiark by the Hon. E. P. Bouverie, in lus examina- 
tion before the Lords Committee in the year 1854 : — 
QuesAm 762, p. 75 — Do you tidnk that Mr. Gumey*s 
improvement in tiie ventilation of the House is mainly 
attributable to the windows being open?*' Answer — "I 
have heard it said that the resuH of our spending 
£200,000 m the ventilation of the House of Commons 
has been to prove that the best way of ventilating a 
room is by opening the windows," Notwithstanding 
that Mr. Gumey may be deemed high authority from 

* These stoves are, however, liable to the £EtaltB which apper- 
tain to aU dose stovee, where the fire is pUused within the 
metal,— namely, the liability that the fumes of combiistiQfn an 
mixed with the air to he respired. 
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his scientific attainments and ingenions invenlions, yet 

it will not be an easy matter for biin to reverse the 
law of nature that light fluids ascend, and that there- 
f€sre the air from hnman lespiration, as it escapes from 
the lungs at a temperature of 98**, should be extracted 
upwards and not downwards. The evidence which was 
produced in Chapter II. p. 79, is so concluave on this 
head, that no sophistry can rebut it. There may be 
indeed a great deal of plausible reasoning brought to 
bear upon the withdiuwing of the vitiated air tlirough 
openings near the floor — sueh as, it has been said, 
that with npwffl*d ventilation the vitiated air is liable 
by cheds: or condensation to be thrown down and 
mixed with the air whk}h is already partly unfitted 
ibr respiration, whereas if the vitiated air IS drawn 
do^vnwards, there will be a piu'e atmosphere above. 
As the carrying out the latter position obviously im- 
plies the agency of forced v<entihition — so^ if the same 
agency is applied above, the impure warm current as- 
cending will require much less power to assist its ex- 
pulsion. Many years ago Dr. D. B. Eeid, m a letter 
in reference to the arrangements for ventiktmg the 
House of Commons, seems to have been strongly in 
favour of the air being " made to descend from the 
cdling and be removed from the floor.'' On this point 
the Surveyor-General of Prisons remarks, in his de- 
scription of Pentonville Prison,* (Plate III. figs. 1 and 
B), Objections may be urged against the principle of 
making the point of entry of fresh air at the top of cells 
(a) and extracting the foid air from a lower level (6) ; 
and as an absti'act matter of science it may possibly be 

* Beport, p. 15, 1847. 
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a question ivbether this order flhonld not be Teremed.** 

In fact it has been reversed in new erections, as shown 
in the same plate (fig. 4, c, c/), but it cannot be altered 
in buildings already constmcted. The Beport goes on 
to state, that the ascendii^ principle of tiie ventilation 
of the entire prison is preserved, and that the extrac- 
tion of foul air from the ceils is partly to be referred 
to the superior altitude of the extracting flues and shaft, 
which are in and above the roof. If the foul air were 
required to pass downwards below the floor of the 
cells into flues situated in the basement^ a power must 
^ be maintained in constant operation lib orercome the 

tendency of air at a higher temperature to remain at 
a higher level." It thus appears that doubts existed as 
to the soundness of the principle when it was adopted. 
This plan of downward yentilation was tried at a prison 
lately erected, where no provision was made for ex- 
traction of the vitiated air, and the cold aur came in 
at the lower opening, as might be expected from the 
facts stated in a former chapter, instead of the foul 
air going out. Taking Dr. Eeid's opinions from his 
work,* he seems to consider tiiat a descending move- 
ment of the air is chiefly applicable in cases of forced 
ventilation under peculiar circumstances" — and that 
the ascending movement is the natural system." It 
may be easily sunnised that tiie plan of extracting the 
vitiated air through apertures below has obtained sup- 
porter's from those who may have formed a judgment 
of ascending ventilation frt>m examples acting imper* 
fectly, — ^while the downward system is much more im- 
perfect, and adds to its imperfections peniicious in- 
* Beid's lUustratiooa^ p. 85, 18i4. 
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flue&oesy becsause if fredi air be admitted into rooma 

at the ceiling, it must pass through air which has al- 
ready been respired. As for removing so much air up 
and so mudh doim — the one current may counteract 
the other, and the whole plan in all probability prove 
ineffective, and might have done so ere this time in the 
House of Commons^ were it not under Mr. Gumey's 
direction. The question may be asked, when an offen- 
sive smell arises in a room, is it not diffused as it 
ascends? It would require a strong draught to take 
it downwards. Even take air impregnated witii a 
large per-oentage of carbonic acid, mixed with the most 
pungent odour, and the nostrils will soon detect the 
ascensional movement. And according to Mr. Gumey's 
idea of drawmg the air downwards tlirou^ the floor, 
it will be rcmaikable if he can draw effluvia down- 
wards, unless a powerful extracting agent is employed 
to create tiie current and to oTeroome the McUon and 
tile laws of specific gravity; and accordingly he 
makes use of the Clock-Tower as an upcast shaft for 
both Houses.* 

It may thus be seen that one of the chief diffi- 
culties which arise iium the practice of ventilation at 
the present tune emanates £:om the uncertainty in al- 
most every point which appertains to it. It has been 
shown (Chap. II, pp. 78-9) the difference of opinion that 
appertains to the process of extracting the air upwards 
or downwards, and that the preponderance of scientific 
men was in favour of tiie former. We will now proceed, 
as was intended, to illustrate the downw ard process by 

♦ Report, Lords, Appendix D., June 1854. 
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a few examples in which fire-heat has been used as 

the extraeting power. 

As Guy's Hospital, London, has been considered 
one of the most prominent examples of the descending 
sjstw, a diort notice of it will serre to explain the 

process. The portion of the buildinsr to ay Inch it ap- 
plies consists of a central compartment with wings of 
four floors in height, extending to a distance of 200 
feet from ike centre on either side. Each angle of 
the central portion is carried up as a tower, and is 
finished with an open lantern and cupols, which senre 
as firesh-air inlets to the building. By means of vanes, 
shields witliin the liiiiterns are made to present their 
open sides to the wind. Between the lanterns of the 
two. central towers and the basement there are large 
air-shafts, and from the bottom of these the air Is 
conveyed in channels to the extreme end of each wing, 
each tower sappljmg its own side exciosiTely. The 
fresh air is warmed at the basement, and from thence 
is carried upwards in flues constructed in the walls to 
the dilierent wards. Plate III. fig. 2, shows a section 
of a room where a is the inlet aboTe and 6 the outlet 
below. The area of the flues is supposed equal to give 
a supply of 60 feet for each patient. 

The anangements ibr extracting the vitiated air 
are much on tiie same scale as those that supply the 
fresh air. Flues (6) constructed in the walls convey 
the vitiated air from the basement of the rooms up- 
wards into a horizontal channel at the roof, havuig a 
sectional area for each wing of 70 feet A rarefying 
apparatus is placed at the roof to insui*c an active 
summer ventilation ; the vitiated-air channels from each 
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wing teiminate in a central shaft having an area of 
200 feet, equal to two of the fresh-air inlets. The 
flue apertures for the exit of the vitiated air are 
placed, strange to i^u) . with their tops nearly leyel 
^vith the heads of the patients while in bed, and close 
by its side. Firg-places (h) are also provided in the 
Tooms. Beddes the vitiated air firom the wards, the 
central shaft receives the vaporized anr from the dry- 
ing closets, the smoke from the steam boiler, wanning 
apparatus, and all the fire-places in the estabhshment. 

The result of the examination made by the author 
of the ventilating system in this building was, that it 
was far from sati^actory. The plnn Jiims at too much, 
and hence the complication and difficulty in mana^ 
ment arise. The whole of the fire-places leading into 
a common flue is attended with muck practical incon- 
veni^ce, as must be suffidently obvious. The revera- 
ing the natural law, and maldng' the firesh air enter 
above, is always attended with uncertainty in the 
working of it, for it obviously reqmres powerful me- 
chanical agency to create a current sufficiently strong 
to carry away the vitiated products ; while the instant 
the mechanical agency ceases, the ventilating current 
is checked also, or it becomes reversed, and the fresh 
air comes m at the aperture where the foul air is 
intended to pass out. 

At the new Surgical Hospital of the liojal Infinnary 
at Edinburgh, built several years ago, a plim of forced 
v^tiladon was adopted somewhat similar to that in 
Guy's Hospital, the \itiated air being withdrawn in the 
different wards at the floor. Along the basement of 
the walls there are placed boxes or cases perforated 
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viih numerous small drciilar hoks. The heads of the 

iron bedsteads of the patients are placed dose to 
these air-boxes, which are about 18 inches deep and 
12 inches broad. A flue £>nned in tiie wall about 
the same me opens into eadi ease. These flues con- 
vey the foul ail" t'ruin tlic "wards into a large main 
central shaft or chimney, which is carried up with a 
square head a litde aboye the roof of the building 
for the dischai^ of the foul air. Into this dmnney an 
ii'on pipe is placed (Plate 11. fig. 3), which carries up 
the smoke fiom the furnaces at tlie basement. It was 
supposed that the beat &om the pipe in the shaft vould 
rarefy the air within it sufficiently to draw out the 
vitiated air from the wards. The passages are warmed 
by hot air £rom gn^gs in the floor^ and the wards, 
each containing from six to ten bedi^ by open flres. 
The ceilings of tile passages were lowered, and the space 
above tbrmed into air-trunks having apertures to ad- 
mit the warm air into them; and from these air trunks 
there were inleta at tiie upper part of the warote (the 
ceilings being high), which admitted the air into them, 
rrom an examination of these wards in 1860^ it was 
found that the inlets from the sir-trunks were dosed 
up, and the scheme of extracting the air at the base- 
ment abanduued. The medical authorities had inlets 
made in the middle of the wards for the admission of 
fresh air^ and apertures in the ceiling flxr tiie escape of 
the impure air. This shows the inutility of the com- 
pUcated and expensive arrangem^ts first prepared.* 

* It was stated by one of the Surgical Lecturers^ that from 
the first the heat in the shaft had neyer been sufficient to 
produce an adequate current to draw the foul air from the base- 
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It Ib mmecessary here to enlarge more apon the 

ascending movement by fire-heat, as figs. 2, 3, 4, Plate 
Jl,y and fig. 4, Plate III.^ sufiBlciently illustrate the 
principle^ vhieh will be afterwards itiemd to. 

SCHOOL-ROOMS. 

It is to be regretted that forced ventilation either bj 
meajis of fire-heat or other agency has not been more 

applied to schools than it has been, as there are few 
buildings where an effective process is more important. 
In the nnmmtis school-rooms examined by the author, 
no provision whatever exists beyond windows, and even 
these iU'e oiteu placed so as to render their ventilating 
power less effective than it might be — ^the windows 
being too low, and the ceilings of the rooms not suffi- 
ciently hi^» So mudi has been said at pages 43 and 
44 of this work as to what could he done in renovating 
the air of school-rooms, factories, workshops, &c. by 
means of a proper construction and arrmgement of 
windows, that it is unnecessary now to say more on the 
subject. These opinions will be found to be corroborated 
by the Eeport of a Select Committee of the Lords on 



nont of the wards; but even tappocdng Hut it had been bq, the 

plan was objectionable, because, as the late Professor Sir George 
Ballingall, M.D., remarks in his "Observations on Hospitals'* 
(1851), " the plan of bring^n? in fresh air from al nn e and ab- 
stracting the vitiated air below appears erroneous in principle, 
in as much as the air being brought down and inspired by the 
patient, will again be thrown out or expired at an elevated tem- 
perature." The inlets for the warm air from the passages must 
have been e^nall^ erroneous in principle, for whatever impure air 
existed there, must have been at oibce diacharged into the wards 
to be inhaled by the patients. 

T 
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the HiDnses of Padiament in 1859.* In fldDooI-rodnw 

and other occupied places, the cubical contents should 
correspond witli the number of inmates, allowing not 
less than 10 cubic feet of air fi>r each perscm (see, page 
69), giving a proportional height to the room ; the win- 
dows to be nearly as high as the ceiling, and to open 
with facility. When windows exist at opposite sides of 
a room, it is easy to pass a cairent of air throng it to 
xenoyate the interior atmosphere without uitemal dis-^ 
turbance, thus afforduig a simple means of renovation. 
In some instances^ glass ventilators to open and shut 
have been used with advantage. In buildings where 
windows caimot be placed at opposite ades of daas- 
rooms, recourse should be had to forced ventilation. 
One apparatus can easily be made to extract the vitiated 
air from several rooms. Fig. 4, Plate 11. will serve to 
illustrate this principle. Plans have been recommended 
by some parties for ventilating school-rooms and other 
places by what is termed a double-current ventilator 
placed at tibie ceilings of rooms» the fresh air enteruig 
there — such as noticed at page 85. The advantages 
and disadvantages of ventilators of this kind, such as 
Watson'Sy Mackinnel'Sy and Mmr's^ are pointed out in 
the Report of the Pariiiamentary Commission for im- 
proving the sanitary condition of Barracks and Hospitals/' 
p. 69, 1861 — where it is also stated that Sherringham's 
air. inlet has been found convenient and usefhlrf 

• Minutes of Evidence — Gurney — page 64, Question 645. 

"f- Since the preceding was written, nn iTT^proveraent has been 
made in window ventilation bjr Mr. William Cooke, G.E., London, 
who has obtained a patent for regulating tbe introdiiction of air into 
rooms by meana of wire gauze in two or more folds, of any Bise or 
width. The L>-nTizo is attached to the top sash of the window, by which 
draughts are diminished and the admisaion.of dust is prevented. . 
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PART III. 

FOBCED VENTILATION BY MEANS Of HEAT f BOM GAS» 

The many advantages which society ha^ obtained hj 
the general application of carburetted hydrogen gas to 
lightiiig purposes caonot be overrated.* As reqiecta 
heating purposes, its range as yet has been very limited. 

The eipeiiie | aiid other causes have operated agaiiist its 

* Aeootdlng to the auihority of Br. E. Lankaster, *^ ooal gn 
oonaiBtB of abont 40 per oetit of bydvogon, nearly tbe sama amoimt 
of liglit oarbnrotted hydfogon, fiom 5 to 10 per oent* of hydio- 
carbona witb yariable proportiona of oarbonie add and carbonio 

oxide, sulphuretted hydrogen," &c. Compoaed thus of poisonous 
'gases, iU iabalatioii m luUuwedby iiiseusibility and death. When 
only 7 to 12 per cent, is present in the air it will kill iu h short 
time small animals, and produces on man a great lowering of the 
vital powers. Iji sides, coal-gas other lighting agents, such as oil, 
tallow^ stearic acid, wax, camphine, &c., from the same amount of 
light in burning, take from the air its oxygen and vitiate it in diffe- 
rent degreea — (tee page 22, mite.) " Two common gaa bmnen" it ia 
found, " consuming 10 onbic feet of gas per hour, will consume 12} 
■onbio liBet of oxygon, prodnoe 6^ oobie feet of oarbonio add, and 
vitiato 9146 onlno fbat of au^having a haating power in onbio 
feet of air raised 10 degrees, 82^^." 

The nae of oonunon gaa requiiea caie, because a mixture «tf 1 
part with 6 to 7 of air, ia explodve, exerting a fercse eqnal to 
80 atmoapboKa. A gas called water-gaa baa been proposed fer 
lighting, wfaidi Is too dangerous 4o be nsed. The oxy- hydrogen 
er Drummond light and the electric light have highly illuminating 
powers, and are said not to vitiate the air in burning; but at the 
present time l^ej are too troublesome and expensive for ordinary 
nae. 

f The present price of gas in Edinburgh is 48. lOd. per 1000 
cubic feet ; but the price varies macb in difierent placea. 
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general use. The report uf the Commissioners appointed 
to inquire into the warming and ventilation of buildings 
was not Teiy fayouiable to it. By the use of gas or 
coke there is no smoke ; but with respect to the fonner, 
the results of all our inquiries prove it to be too ex- 
pensive for heating purposes in cities or towns remote 
from coal districts." Eeport 1857^ page 98. 

The author of this woik^ several years agof brought 
the subject of heating by gas before the Royal Scottish 
jSociiety of Arts^ illustrated by a gas-stove of his 
invention, diowing how the products of combustion 
might be removed and air supplied not taken from 
the 1 uom ; but the report of a cuinmittee at the 
time held out little encouragement for the employ- 
ment ,Qf gas as a heating medium. No doubt^ by 
the introduction of the Bunsen bum^ the heat can 
be more easily concentrated at one point, which makes 
this heat on a limited scale useM for many purposes. 
So fruTy however, as the warmmg of apartments witii 
gas is concerned, as regards the amount of caloric 
produced it is the same from a cubic foot of gas 
whether it is burned as a light or in a stove^ or in any 
other manner. The numerous contrivances, therefore, 
of gas^oves, so far as giving increased heat is in 
question, are based upon a fallacy, though they may 
sometimes be used for the convenience of bringing 
heat to one point ; but the mere indoang the burner 
in an iron case, instead of increasing, tends to diminidi 
the heating power of the gas consumed. 

GAS AS A TKMmATINO AOSNT. 

When considering the utility of this agent, salubrity 
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mast not be overlookedy although GonTenkaoe will 
flometimes lead to its value being ovemted. Mudi 

heat can be obtained from it only by a large con- 
amption, and consequently at considerable expense; 
but a greater evil ariseSi for the heat cannot be 
obtained in apartments except by consuming the 
oxygen of the atmosphere and by the generation of 
carbonic acid gas. * The vitiated products therefore 
require to be removed as they are produced, £>r if 
they be permitted to mix ^th the air required for- 
respiration they must tend to increase the interior 
atmospheric impurity. No agent employed for ven- 
tilation should produce this eiect. When the pro- 
ducts escape into the external atmosphere they -mil 
be checked unless proper precautions are taken, and 
will return to be re-inhaled. To breathe such an 
atmosphere must be highly injurious ; and tiius various 
contrivances have been made use of to prevent the 
reflux of the carbonic acid and other hurttul gases into 
apartments. From the flame of gas in an apartment 
considerable heat is evolved in the combustion; but 
even when air outlets are made above them they 
do not appear in general to be sufficient to carry 
off the foul viq[»ours freely into the atmosphere ; hence 
these, combined with the exhalations from the people, 
aie returned upon them^ and to this is added the 

* The preaenoe of snlphnr contained in coal-gas, abaorbing ozy- 
gexk £rom the air and becoming ealphnrona add, is pernickmB. The 
amount of anlphiir in 100 cubie &et of eoal-gaa will give from 30 to 
60 giaina of salphnrona acid. It prodnoes a corrodTe effect, which 
oombmed with its diyness has been fonnd injntioQS in litmries, to 
goods in warehonsee, and to plants in conservatories. The neces- 
sity, therefore^ for the removal of the fumes of the gas is evident. 
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inconyenieuce arising fix>m the parched air produced. 
This impei£9Ct operation of TCQtiladoiiy as shown by the 
heety doseness, and impure stale of the air^ may be often 

experienced iii tlie galleries of cliuixhe&, public haH% 
theatres, and other buildings, and (though to a less 
extent) in the upper part of houses; the same evil 
will be finmd more or less to exist in every apart* 
ment "where much gas is consumed. 

In ordinary apartments the hot vitiated air, com- 
posed of carbonic add and moisture from gas or 
lamps, rises directly to the ceiling, and then, as it 
is displaced by wanner air, it becomes mixed with 
streams of colder air from doofs and windows as it 
passes to an open fuw. Thus above the level of 
the discharge, the air may be noxious and charged 
with products of combustion (the presence of which 
is easily detected by the carbcmometer*), while the 
atmosphere below will be less impure. 

VEiSTiLATtNG BY THE SUN-LIGHT BUKNERS. 

In order, if possible, to obviate these defects^ a oon- 
trivance has been introduced called the son-fight burner, 

which combines the lighting and ventilating of apai*t- 
ments. It consists of a number of jets or bat-wing 
burners szianged in rings one above another, or in dif- 
ferent forms, which are phiced at the ceilings of rooma^ 
under a vertical ascending shaft or chimney. As many 
burners are made use of as may be sufficient to light 
the apartm^ and also to promote its ventOation. 

* A Bnaall glass bulbous tube, cont&iiiing some test of caibooic 
Mid, as lime water* See page 11, mUt, 
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As examples, it may be 
stated that in one lar^e hall 
there were placed three son- 



burners. One in the centrej larger than the two others, 
had 460 jets arranged in about 30 small circular rosettes; 
the two other sun-burners had 250 lights m each. The 
quantity of gas consumed was yery great ; the corrent 
^as considerable. Besides the sim-bumers, side lights 
were required for the lighting of the room. In another 
hall of lesser dhnensioifis there were three sun-burners 
used; the centre had nine rosettes containing 135 
burners, and the others had five rosettes, with GO bur- 
ners in each, — or a total of 255 bumersi qmte suficient 
to give a blaze of light in the room and a good 
* ascending current. The quantity of gas consumed was 
necessarily very large. In smaller halls about 80 bat- 
wing burners have been applied with different degrees 
of success — but of course the illuminating power 
must be regulated by the area of the room. From 
the position of the sun-burner in a large apartment, 
especially if high^ a much greater consumption of gas 
Is required to produce the same fight than where l^e 
bmnm are otherwise arranged; — and as regards the 
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Tentilatiiig effect, eTen a rery large consumption of gas 
is insufficient to effect a rapid ascending current. 

Hence, unless there is combined with this mode 
of yentilation a high ascending shaft| and means 
taken to prevent a direct down-drangfat at the roof- 
escape, the products of the combustion from the 
gas may re-enter the room, and when the wind 
is high the lights are affected by it. While, there- 
fore, the expense of maintaining a snffidencj of 
heat for ventilation iii this maimer is considerable, 
the process after all is but an imperfect one. 

In varions applications of this method to ven- 
tilation it becomes more expenrave, and the quantity 
of ga^ consumed must necessarily be great, from the 
necessity of using the sun-bumers all the year round. 
In some churches or halls, two or more of these 
sun-bumers may be seen nsed in summer entirely 
for ventilation, as it is as much wanted then as in 
winter; thus the same amount of gas is consumed 
to produce an upward current as when the light is 
required. In venlalatmg buildings with gas flame 
at the roof, care is required to guard against the risk 
of fire. The burners are sometimes lighted from the 
roof and sometimes from below witii a long rod. 
The mode of Ughting by means of a galvanic battery 
and wires is noticed at page 148, ante* 

BUEN£BS ABOV£ GLAZED CKIUNGS — ^IMPBOV£D GAS-LtGHTS. 

Various contrivances have been adopted to prevent the 
reflux into apartments of the impure gases evolved in the 
'Combustion of gas, but most of these impede light as well 
as the strength of tiie current or ascensional force ^hich 
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has been produced by the rarefactioii of the aur. These 
indade — (1) Arranging the light without the apartment, 

the light entering it as at a window ; (2) The light 
being in the apartment^ but supplied with air from 
without^ while it has no conununication with the air of 
the apartment ; (3) The light being supplied with air 
from the apartment which it illuminates, and the pro- 
ducts of combustion being conveyed into an appro- 
priate channel withont communicating the vitiated air 
to the apartment. 

The first method is placing the gas-burners or naked 
hghts aboTe a glass ceiling^ with such obscination of 
it as tO'COttceal as much as possible the site of the 
lights. The third plan is most usually adopted, and in 
various ways the rings of the ImnuTS are placed in 
glass globes at the ceilings of rooms^ having tubes above 
the burners to carry away the fumes from the ffas ; or 
side-lights and oxydators may be used, and tft ftunea 
conveyed from the burners by tubes into a chimney. 

No plan, however, which does not separate entirely 
the flame of the gas from the apartment can prevent 
the risk of the mephitic air entering the apartment; 
and hence it should not require the air of the rooms 
to carry on the combustion, or in other words, the flame 
ought to be entnely separated from the room. The at* 
tainment of this object has long engaged the attention 
of scientific men such as Faraday, Reid, Gumey, &c.; 
the object being to improve the illuminating power 
and to throw off the heat and products of combustion 
from the burner. The great amount of carbonic acid 
gas produced by the flame is easily tested by means 
of the carbonometer. 

u 
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In some of tliese contrivances the air is brought 
from without to the burner itself, — ^the fresh air sup- 
plies the gas flame, and haying parted witili its oxy- 
gen, the cai'bouic acid and other deleterious products 
are conveyed downwards by a tube, or they may be 
drawn off by an extracting apparatus into the atmos- 
phere. These products, however, from the heat pro- 
duced by the combustion, can be more quickly with- 
drawn by direct ascent than by any other mode, 
mdess the lights are placed without the apartment. 

Fig. 21. Fig. 21 shows a section of Fara- 

day b burner: a is the gas pipe lead- 
ing to the burner ; h the burner to 
which fresh air enters ; c giaas-holder 
haviog an opening into mouth- piece 
connected with a metallic tube; d ordi< 
nary glass chimney; 6 outer cylinder of 
£^ glass closed at top / with a plate of 
^ mica ; g metallic tube to cany oflF the 
products of combustion. 

From the Tarious experiments 

winch were tried in ilic Houses of 
Parliament, and from the report of 
Committees in 1854,* in the Com- 
mons the gas burners have been 
separated from the House by means of an interme- 
diate glass ceiling, and are not appUed to extract 
the impure air. In the House of Lords f Mr. Gumey 
proposed ** four pendent lights thoroughly ventilated 
by means of tubes, and of sufficient power to light 

* Beport, Commons, Maroli 1854. 

f Report, Lords, July 1854, vol. ix. pages 7 and 60. 
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the budness part of the House" to avoid any change hi 
tilie oeUing ; but " he preferred the plan of the other 

House." Tlic evidence led goes to show that, as re- 
spects the combustion of gas in rooms for ventilation, 
the products should be entirely removed from the 
apartment ; and if the heat evolved in its combustion 
be entirely removed from the room it ceases to act as 
-an extractive agent to withdiaAv (unless by some spe- 
cial arrangement) the vidated air ; the fact being that 
Ihe gas, applied as in the " Sun-ventHator/' is merely 
to produce, combined with lighting, an artificial current 
at the roof; and various contrivances, to be afterwards 
described, for aiding the expulsion of impure air, avoid 
the closeness, heat, and the liability of the products 
of gas-combustion mixing with the air of the apait- 
ments. 

Although gas is in many respects defective as an 
extractive agent, still its convenience and requirements 
in public buildings for lighting make its application 
for ventilation purposes more general than it otherwise 
would be, and therefore it becomes Important to obviate 
as much as possible the injurious effects arising from 
its use. How long ventilation by gas will continue in 
&vour experience will show, but it is not likely to do 
so unless two objections are removed — first, the expense 
of consumption of the gas ; and second, tlie atmospheric 
vitiation which it produces. Unless the latter defect 
is removed, which cannot easily be done, ventilation, 
as well as heating with gas, will contmue to be im- 
perfect. It is little better than vitiating the aii* which 
is to be inhaled. There nrc. strange to say at the 
present day, to be seen churches and halls in which 
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the doors are shut before the people assemble^ and the 
gas-burners being lighted for many hours^ the temperar 
ture is raised by the large combustion of gas destroying 
the vital principle of the air, its oxygen ; and the air 
being confined in the building is inhaled by the people 
when they enter, afid their lungs filled with a perni- 
cious atmosphere. It is surprising to see such things, 
when it is said, to iise tlie well known phrase of Lord 
firoughaniy that the schoolmaster is abroad.'' In other 
buildings, gas is burned in close stoves, but the great 
fault of these is tliat the products of combustion are 
not thoroughly removed.* In one of these stoves the 
burners were small holes in a tubular ring inclosed in 
a case, this case being placed' within another case, 
from which a vertical funnel conveved the heated air 
into the room. All stoves are dangerous in which the 
products of combustion are allowed to mingle with the 
air of the apartment. Is it not, therefore, highly im* 
proper for any one having the charge of others to let 
them be injured by such contrivances ? f 

• This subject has not escaped the notice of Miss Nightingale, 
who in her "Notes on Nnrsing-," tinder the head of "Ventilation 
^ and Waiming," points out the absurdity and error of airing a 
nek room isom a passage " through the door, near to which 
were two gas lights^ each oi which oonsiunes as much air as 
eleven men." — ^Page 13. 

f A plan is noticed at page 115 of this work, showing 
how the exhaled air may he withdrawn from a room hy the 
combustion of gas. In sommer, gas humt in the chimney 
could he easily applied to aid ventilation. 
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CHAPTER IV. 

FORCED VEKiiLAilON BY HEATED METALLIC 
SUBFACES AND BY THE STEAM-JET. 

Fast L 

vektilatiosr with hot water. 

Having shown some of the yarious applications of 
fire-heat uid gas to yentilationy an account will now he 

given how heat in other forms may be usefully applied 
to attain the same object. Hot water will first be com- 
menced with^ hecause water must &st be heated be- 
ifore it is converted into steam ; and if the same yentHa* 
ting effect can be obtained with hot water as with steam, 
there is less trouble and risk attending its use; — and 
the olmoas adyantages of water as a heating medium 
«re, that the heat is retained in the pipes, whereas 
steam-pipes are not hot but when the steam is in them.* 
It maj^ however, be stated, that unless it had been 
cGscoyered experimentally that hj the patent screw- 
joint invention of Mr. A. M. Perkins of London, water 
could be heated in tubes with perfect safety under pres- 
surest — and that> at 212 , water in the liquid state, 

* " Knowing steam to be 1800 times lighter than water, it may 
easily be conceived how readily a small stream of Tratcr may 
be kept in constant circulating motion ; — and when combined 
with its power of absorbing heat, it is not surprising that it should 
extend through considerable length of pipe before it cooled bo as 
to be inefficient." — Kichardson, p. 27. 

f The joint inyenled by Mr. Perkins gives great security to 
the apparatus, and is capable of sustaining a pressure equal to the 
tubes ibemselTee. It is now extensively used in several other de- 
partments of engineering. 
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when atmospheric air was excluded, only expanded 5 
per cent.* or 5 gallons per 100 gallons, nothing could 
have been made of this application of heat to the pur- 
poses of ventilation, as large cast-iron pipes or cases 
were not at all suited for such a purpose. The writer 
of this work was long ago impressed with the advan- 
tages that the system of high-temperatore tubes pre- 
sented for ventilation, — seeing the danger that attended 
placing open fires of any kind at the roofs of buildings 
to extract vitiated air. It occurred to him that if an 
artificial heat to a high degree were produced in a 
small accessible chamber at the roof of a building with 
hot-water pipes heated by a fire placed at the basement 
of the building, there would not be the same objections 
to this as to the methods "which have l)een alluded to. 
Various e.\i)criments were first tried with steam heat 
to ascertain the temperature which could be obtamed, 
and in 1842-3, in a paper to which allusion has been 
made, brought before the Society of Arts, which is 
printed in the Transactions of the Society, the writer 
pointed out a« «^ of the appUction of hot water 
and steam as extractive agents to obtain forced ven- 
tilation.f 

B. buchie's hot-vater ventilatoil 

After Tarious experiments he succeeded in applying 

the hot-water apparatus or artificial concentrnted heat 

* Water when heat^ from forty degiees to two hundred and 
twelve degrees, expands abont five per cent, and as it is known 
that it requires 28,000 lbs. to the square inch to compress water 
five per cent, hence the necessity of allowing^ sniBcient expansion 
for the water. — ^Richardson p. 27. 

"i" Reprint of his paper, Irom Transactions (^I842j, pages 15 
and 16, — reprint (1844), page 36. 
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at the roof of the Circuit CoiirtrHouse in Glasgow in 
1843, and shortly afterwards at the Police Buildings in 

Edinburgh. It was found that, by this mcaus, not only 
could a suflSciently powerful extracting force for the with- 
drawal of vitiated air from buildings be obtained^ but that 
the plan was free from all risk of fire, and attended with 
much less trouble in the nianagement than any other 
plan. It required no £re to be kindled at the roof, and 
was noiseless in its operation, nor was there anj risk 
from it of the products of combustion finding theur way 
into the apartment below, wliich miglit hajjpen both with 
fire and with gas. The expense of the great consump- 
tion of gas was avoided, and there was little trouble in 
lighting it ; neither was there the risk of the escape of 
gas nor the liability of burners being affected by strong 
currents of wind. For the method of ventilatmg with hot 
water the writer received a high premium firom the Koyal 
Scotlash Society of Arts, and he has succcssftilly applied 
this system to several buildings iu Scotland. Its applica- 
tion in 1856 to another Court-House in Glasgow proves 
that the advantages of it are now becoming more a^re- 
ciated from its recognised simplicity and certainty of ac- 
tion, aud the little trouble in management, and (the fire 
heing placed at the basement) its entire fireedom &om. 
the risk of fire, which cannot he the case when either 
gas or coal fires are lighted at the roof. Tlie following 
letter shows the opmion of the Architects on this mode 
of the ventilation of buildings with hot water : — 

Letter from Clarke ^ Bell^ Esqs.^ Arehtteets^ Glasgow. 

51 St. Vimcrnt Stbket, G&Asaow, 

We have noW bad some years' ezperienoe of the Patent Hot 
Water Yektilatimo Afpakatvs' which you have erected in ns at 
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the Old Justiciaiy Court-House in Glasgow, and at the Justiciary 
Court-House at Ayr ; and we have been so fiilly SiUisficd with the 
result of this system of Ventilation, that we have continued t^ 
employ it in the Ventilation of the New Justiciary Court-House 
recently erected here, and have had much cause to be satisfied in 
doing so, the efifoct being entirely snoeessful. 

(Signed) Glabkb is Bfeu., 

Robert Mitchie, Esq, 

The result of ample experienee has fully proved not 

only its utility and safety, but that the hot-water pipes, 
even in such exposed situations^ have stood the test, 
without any acddent^ of twelve or more, aud many of 
them very severe, winters, — end the efifect of strong 
fi'ost has been easily guarded against by keeping on 
a slow fire during its coutmuance, and filling the pipes 
with water saturated with salt.* 

In the process here referred to, the air is rarefied 
by being heated to about 200**?., in a chamber at the 
roof, by means of hot-water apparatus. Above this 
chamber a shaft or ventilating chimney is carried as 
high as conveniently can be, in order to prevent the re- 
flux of the vitiated air, its escape into the atmosphere 
being aided by means of a tumcap, Plate V. fig. 1, to 
which a large louvre is adapted. This cylindrical turn- 
cap, as shown in figure 7, page 59, anfe, is made of zinc, 
and revolves by means of a wind vane, always turmng 
its protected surface towards the wind. The rare- 
faction or pardal vacuum of the ahr in the chamber 
causes the vitiated air at the ceiling of the apart- 
ment to rush towards it, from which the ascensional 

* By recent improvements the apparatns can be so arranged 

tiiat the water may be withdrawn from the pipes, and these re- 
filled at pleasure. 
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current carries the foul air into the extemaL atmos- 
phere. It is obvious that, by this process, the venti- 
lating apparatus itself cannot deteriorate the air of the 
apoftinenty whereas the fumes from a coal fire, or 
the combustion of gas in this same position, would 
do so. The success, however, of tins pkm of ventilatiuu 
in a great measure depends upon three points : firsts 
the elevation of the shaft or chimney above the heating 
apparatus, and free escape of tiie fonl air into the atmos- 
phere ; second, the egress of the vitiated air from the 
room at the ceiling, into the hot chamber ; and third, 
the regularity with which the heat is maintained. 

In the Glasgow Justiciary Courts, to which reference 
has been made, an ample supply of fresh air is ad- 
mitted at the lower part of them, placed under due 
regulation as to humidity and temperature; and the 
patent hot-water small pipes have been successfully 
applied for the ventilation. Plate IV. fig. 1, is a 
Tertical section of the first Ganrt as altered in 1843, 
and fig. 2 is the plan of the sunk floor of the same, 
showing the arrangements for warming the Court- 
House above it. a (fig. 1) is the hot-water ventilating 
apparatus of small pipes at the roof, heated by a fur- 
nace b placed at tiie basement of the building, the ver- 
tical connecting pipes between these assisting the venti- 
lation ; c is the hot-water warming furnace. The firesh 
air is admitted at A A, and is warmed before entering 
the Court, by passing over cast-iron patent screw-joint 
pipes* of four inches internal diameter, placed in the 

* These patent serew-joint pipes, also the invention of Mr. 

A. M. Perkins of London, have fully proved their advantages after 

X 
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chambers ddd (fig. 2) esctending under the body of the 
Court. The warm air, regulated to hunudity, flows 

into it through numerous small apertures or iiiiets 
made in the risers of the seats e e, and at other places* 
A alow upward current is produced hj the ventilatiDg 
apparatus at the roof drawing out the yitaated air 
Bt ff into a conduit, and expelling it through the 
louvre g into the atmosphere* 

Plate y. fig. 1, shows a yertical section, and fig. 2 
the plan, of the new Coui-t-House connected with the 
preceding. This Court is ventilated like the other by 
an apparatus of small pipes, and is also heated by 
them. A comparison can thus be made of the ad- 
vjuitages of warming with small or large pipes, and 
the result appears to be that by the use of the small 
pipes ikete is a saving in heating^ both in time, 
trouble, and fuel; draughts are also avoided, and 
greater uniformity of temperatiu t' is obtained, a (fig. 
1) is the patent hot-water apparatus at the roo^ heated 
by the furnace b at the basement ; c c the furnace which 
heats the warming apparatus. They are separated, 
but one furnace might have been applied to both pur- 
poses if desired. An ample supply of fresh air is 
admitted to a series of coils of small pipes, ddd (fig* 
1), placed witihin the Court-House, but concealed firom 

a test of BeTeral years experience. By the original plan of heating 
this Ooiirfc-Honse no boiler was used, a portion of the pipes in the 
furnace constituting the boiler. Mr. Perkins, however, has since 
introdlneed a mode (described in Richardson's work, third edition 

(1856), pp. 61 and 62), by means of which a very small furnace 
coil of one-inch pipes is made to heat successfully and economically 
the whole of the large pipes which heat the Court, consisting of 
several hundred feet. 
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Tiew.* The air entering the Court by the conduit e 

under the floor, can be regulated both in temperature 
and humidity, and adapted to the feeling and comlurt 
of the inmates. A slow upward current of air is pro- 
duced by the hot-water apparatus a (fig. 1) at the roof. 
The current is regulated by the valves A h. The ex- 
haled air is extracted from the Court-House at the out- 
lets / and expelled into the atmosphere at the louvre 
the escape of the foul au* bemg very much promoted 
by means of a cylindrical turncap ^vitkin the louvre, 
(noticed at page 168,) revolving with its back to the 
wind by means of the Tane, and discharging the foul 
air to leeward. The Telocity of the current may be 
increased by the elevation of the shaft. 

The Circuit Justiciaiy Court at Ayr has also been 
. successfully ventilated and warmed by the writer in 
a shnilor manner, which it is imnecessary further to 
describe. 

Plate VI. fig. 1, is a Tertical section of the Police 
Buildings, Edinburgh, which are yentilated and heated 

in a manner similar to that illustrated in Plate IV. a 
is the hot-water small-||ipe ventilating appju-atus at the 
roof; b is the Aunace at the basement which heats it ; 
e c the firesh-air chamber; dddike warm-air chamber ; 
e the luiiiace which heats the large liot-water patent 
screw-joint pipes, four inches in bore. The warm air 
from the chamber is conveyed upwards in one large 
and several smaller flues, giving off branches to the 
cUllerent floors. The vitiated air from the different 
• apartments on the several floors ascends thiough small 

* This is the mode recommended by Dr. Comb© in bb PriU" 
cipies of Physiology, p. 251, noticed at page 97. 
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flues which terminate in a long conduit under the roof, 

and from this the impure air is drawn to the rarefying 
air-chamher a, and passes into the atmosphere through 
the louvre The loumre boards / / (flg. 2^ a ground- 
plan of the ventilator, and fig. 3 a section of the 
same on a larger scale, indicate how the wires h k 
are worked at the iurnace room e at the basement) 
are made to open and shuti to suit the point the 
wind blows from, the leeward ones being left open 
for the discharge. The valves h A, which regulate 
the upward cuiTent from the hot-air chamber are also 
worked from the fumace-room, so that a carefrd and 
intelligent person in charge can regulate the whole 
system of heating and ventilating without trouble. 
The plan adopted at this building, of heating the cells 
frx>m the corridors, was that first proposed in the 
Prison Reports ; but it has been found more effective 
to have separate flues provided to convey the warm 
air directly where wanted from the hot-air chamber. 

The author of this work having many years ago 
successfully applied hot-water apparatus to the venti- 
lation of several buildings^ cani^t but regret that the 
system he then carried into effect has not been more 
appreciated by architects, engineers, and the public. 
This may in some measure be attributed to its ex- 
pense, — ^which ought not, however^ to be an insuperable 
objection to a system of proved practical utility. 

Other suggestions for the application of hot-water 
tubes have been proposed. Mr. C. A. Richardson, 
architect, London^ in his work pubhshcd several years 
ago on Warming and Ventilation, pointed out the ad- 
vantages which might be obtained from these applied 
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to Tentilatmg purpoees, but which does &ot appear 
to have been appreciated. He remarks, (p. 78) — Mr. 

A. M. Perkins' system of one-inch tubes becomes, 
joined to the warming of a building, a tbrdug power 
in procnrisg ventUation in a safe easj manner, such 
as no other system either of heated water or steam 
is capable of insuring to the same extent." In the 
Tentilation and warming of a private dwelling the 
staircase should be the first commenced with. By 
pladng two or more spare columns of tubing in flues 
concealed within the thickness of the wall, two flues, 
or even one flue, properly constructed for the purpose, 
mig^ be made . to ventilate any room of a London 
house/' " The common size flue, 14 by 9 in. is too 
large for the purpose ; it should be divided into two 
by a half-inch partition, and in each 4^inch flue is a 
pipe. Each room should have its separate flue, the 
whole of which shouhl of com-se be perpendicuhir ; 
and as the houses in liondon aie generally two rooms 
deep, two sudi groups of flues only would be re- 
quired : if the two were joined and placed in the centre 
of the house, having only one outlet at the top open- 
ing below the chimneys and carried from them by a 
funnel, they would be still more effectual" Openings 
from the apartments are made into tiiese vertical flues 
about six inches square, which from the high tempera- 
ture within the flue would draw from the room a con- 
stant current of cooler air, thus constantly ventilalang 
the rooms without attention or inconvenience. There 
is much utihty in this scheuie, which might on many 
occasions be judiciously applied; but still, flrom the 
want of the general knowledge that forced ventilation 
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is abflolutety requisite to produce at all times a cur- 
rent, such a plan has not as yet recdyed tiie attention 

it deserved, although perhaps in a few instances which 
could be pointed out, as at factories, steam and fai" 
nace heat hare many years ago been advanta^eoasly 
applied in this manner. 

Another application of the hot-water tubes or steiiin 
pipes arranged vertically and cylindrically or as circum- 
atances admitted, was brought under the notice of the 
Eoyal Scottish Society of Arts in 1850, in an interesting 
communication by Mr. J. Setou Hitchie of London, for 
which the special th^iks of the Sodiety were awarded 
to the writer* The constant succession of serious 
accidents in coal mines should induce all scientific 
institutions to give every encoiu'agement to proposi- 
tions which hold out the slightest prospect of lessening 
these deplorable occurrences; — ^but they are too often 
treated with indifference. Tlie proposition referred to 
was to rarefy the air in the upcast shaft by hot-water 
pipes^ cylindrically arranged, either by themsdves to 
maintain a powerful and continuous artificial current, 
or, when necessary, to be combined with other means 
to produce a certainty of action and a steadiness 
in the currents, and so by diminishing the risk of igni- 
tion of gases to prevent explodons in mines. 

The idea has been more than once revived, and 
many subsequent propositions have been made, based 
upon the principle of guarding against e^losions in 
fiery mines, arising firom naked hghts or open fires 
(mentioned at Chap. III., Part I., page 131) being 
in such general use because of their convenience in 
the ventilalion of mines. 

* 
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In the work of Mr. Eichardson referred to, sereral 

other illustrations are given of the application of 
the patent hot-water system to ventilation deserving 
of notice. In the Lord Major's Justice fioom, Mandon 
House, London, (page 87), forced yenlslation is pro- 
duced from these pipes by placing them within a re- 
cessed panel Ihied at the hack with glazed tiies near 
the ceiling of the room, at the bottom of an ascending 
flue 20 inches square. In this panel there is a series 
of horizontal tubes. The furnace connected with this 
tubing is always in operation, both during winter and 
summer. The air being wanned immediately under the 
flue, a quick passage of tiie air from the room 
passes up it. The cuiTcnt is regulated by a ^Yida 
running up and down placed in front of the panel, 
leaving such an aperture as is requured, or to be 
adjusted to the size of the flue aboye. • 

Another method has been adopted at the Coal 
Exchange, London, where the air is warned at the 
ceiling of the room with patent hot-water tubes, 
which are placed at the comer near the ceiling, 
and are carried round the dome to answer two 
purposes: — flrst^ the fr^sh air from without passes 
over these pipes when entering the building from 
above to warm the air, while the foul air passes 
out at the ceiling by another set of openings. 
There is also a wind-^n worked by hand for 
summer rentilation, both in this buildmg and in 
that previously noticed. 
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PART 11. 

YENTIUTIOK BY BIEAlf HEAT. 

Steam can be employed where oonyenient in seyeral 

of the applications of hot water which have been 
noticed. Mr. liichardson, in the last edition of his 
work (1856)^ page 89, gives an illustration of the ap- 
plication of steam to the Tentilation of the IliLrd 
Cniiiiiial Court-Home at the Old Bailey. lie states 
" that Dr. Reid had previously been employed by the 
Corporation of the City of liondon to warm and ven- 
tilate the Old and New Conrts in ihe same building. 
The system he introduced was the common one, 
treated on his large and powerful scale. By its 
use the whole body of air in the two Courts could 
be changed in a few minutes. The operation prae* 
tically met with great objection, as the velocity witii 
which the warm air entered the Court, which it did 
through numerous apertures in the floor, cooled the 
bodies and legs of the persons standing or sittino; 
above ; a sensation of cold being experienced by them 
although the aur introduced was wann. To obviate 
this, Mr. Bunning, (the city architect). Introduced 
the warm air into the Third Court (which was erected 
under his superintendence) over the heads of the 
parties occupying it, letting it enter in large quantities 
and difiuse itself equally throughout." The panelling 
projects from the wall about six inclies, and the 
space thus formed is the passage by which the warm 
air enters, forced in by tiie large fan or wheel put 
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up by Dr. Reid for the two other Conrts. This fan 
is 12 feet iu diameter and 7 feet in width, and is 
propelled bj a steam engme." Mr* Bimning made use 
of tlie spare steam from this engine for the purpose 
of warming and ventilating the Court. Mr. Perkins' 
tubes, instead of being filled with a circulatioii of 
hot water, are wanned by the free passage of this 
steam tiirongh them; from the coil in the reiitir 
lating chambers above the roof the steam passes 
into the atmosphere; from that in the fresh air 
chamber mider the court, the steam escapes into 
the drain. The coils contain about 900 foet of 
tubing each, which is warmed to 220 degrees, about 
half an hour after limiting of the fire/' These anange- 
ments are said to have obviated the inoonTenience 
which was felt in the other Courts. 

The idea of ventilating by steam heat has long been 
entertained by the author of this Treatise. While hot- 
water apparatus^ fans or pumps, might be applied to 
one building ; to another steam in different ways might 
be adapted. A good many yeai*s ago he brought the 
subject before tiie Boyal Scottish Society of Arts-* 
and showed several plans by which steam-heat could 
be advantageously applied, especially in such places as 
factories, where steam is always present. The Marquis 
of Chabannes had shown how steam cylinders might he 
applied for yentilation at the old House of Commons 
about 1820 (by the foul air passing through tubes in 
cylinders heated by steam); and Tredgold has shown 
in his work, (published in 1824), many applications of 
steam : amongst others, a plan of warming the air, as 

T 
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Fig. 22. flhown in Fig. 22, where a Is 

an external air-tube passing 
through the wall and eur 
oarding steam tabes e e, being 
confined to tet upon them by 
a case of tinned iron^ d; and 
the air b^g warmed, rises 
through the pipe « into the 
room. The whole may be en- 
closed in a wooden case/. A 
pipe of the same size as the 
pipe a € is applied for i&e 
escape of the air at the ceiling. . The writer's idea of 
the arrangement of steam-pipe was somewhat different 
firom the preceding, although these phins show how 
steam may be useMly applied. In his prize paper 
on the ventilation of ships (1843), published in the 
Transactions of the Bojal Scottish Society of Arts, 
when noticing different methods of ventilation, it is 
observed that " the horizontal foul-air trunk which col- 
lects the air in one body from the different ramified 
tubes may be made to pass throng a cylindrical boiler 
of small diameter heated with steam or hot water,* — 
the extracting pipe simply passing through the steam 
or hot water, and the foul air escaping at a suf&cient 
elevation." And at page 22, trunk-pipes oonteyed 
the vitiated air to one large tmnh, which might be 



* A patent baa been taken <mt for pasting hot air ihnnightabas 
heated by steam, by means of a fan, intended for drying parposes. 
But the plan of heating the air passing through steam pipes has 
been long ago practised. See Chapter V. 
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nuide to pass through a steam-chesty or encircle the 

steam-pipe, by wliicli a constant renewal of tke entire 
air would go on." 

Fig. 23. Fig. 88 represents a cylinder for this pur- 

pose, mxA as fbe writer brought before the 
Society, b b b are hollow spaces filled 
with steam, which lirats tlic air in the open 
vacant spaces a a a, througii which the ex- 
haled current drawn from the apartments is 
externally J I ^charged. The ventilator is en- 
closed and placed above the ceiling. 

This plan was again brought before 
the same Sodety in a Prize Essay in 

1844 — (see Trans.) ^' In factories it 
is quite possible, in large work-rooms 
of one story, to make use of the spare steam, or steam 
admitted into the cylinders bb^ bby through which the 
vitiated air a a a can be made to pass, at the roof, to 
facilitate its escape into the atmosphere. This would be 
a safe^ harmless) and economical mode of withdrawing 
the Titiated air.'' Also, at page 87 of the same essay 
— The vitiated air might pass tluuugli the interstices 
of iron cases filled with steam or hot water; or 
pipes heated by steam, through which the air might 
pass, may be employed." From these extracts it 
is seen what importance the writer of this Treatise 
attached to this mode of steam ventilation; and so 
far as can be ascertained, no sudi plan was proposed 
or tried until it was suggested and made public through 
the Transactions of the Koyai Scottish Society of Arts. 

In a subsequent communication to the same 
Society, the writer showed how, by combining sereral 
of these hollow cylindiieal vessels of any required 
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diameter, or steam cases through which a number 
of air tubes pass, steam mi^ be easilj and safelj 
applied to draw out the Tiliated* air from rooms to 
the esLtracting apparatus, or produce a steady upward 
current from a large apartment. 

Another plan be has proposed is to place steam- 
pipes in a vertical shaft or flue formed in the walls 
of a house from the basement to the roof, and 
thus every floor of a tenement mi^t be artificially 
yentilated, the vitiated air being drawn by the heat 
into the shaft. 

The utility of steam for ventilating purposes might 
be better appreciated were more consideration given 
to the waste of it, as already mentioned, in varions 
buildings, such as manufactories, farmsteads, priuting- 
officesy &c. For instance, the blow-off steam, where 
high-pressure engines are in use, might be conveniently 
applied through the agency of tubes or pipes in order 
to produce a continual ascensional current by the rare- 
&ction of the air from heated surfaces^ and to draw 
out the vitiated products from tlie room and discharge 
them, like a common chimney protected by a cowl, 
into the atmosphere. It is unnecessary to enter into 
minute details. It is sufficient to state that those 
plans, which the writer of this Treatise submitted to 
the above-mentioned Society on this subject, were con- 
sidered deserving of its highest approbation, as the 
following extract testifies*' 

Extracts from Report of Committee of the Royal Sroftr'sh 
Society of Arts^ on Mr. R. Ritckie's Paper on Mechanical 
ConfrwoRceff firr VewtUatiim, 34<ft Jtme 1853. 

** Mr. Ritchie's Essay, with previous commnnications, — for 

which he received the Society's Medals, — form altogether an ui- 
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jtantting ind ▼alnaUe eompendimn of what has been done in tlie 
two important diTisioBs of domoBtio and sanitazy eoononucs— 
Heating and Yentilating— exhibiting the large amount of leiearch 
which the Author haa devoted to the subject. 

The compilation may well serve as a guide that Engineers and 
Aichlteets may consult with advantage when entering upon any 
application of natural or artificial means of effecliiig the important 
objects of heating and ventilating. 

An important portion of this Essay is Mr. Uitchie b improve- 
ments on the modes for effecting ventilation, t)mt of withdrawing 
vitiated air by producing a rarelaction of the atmosphere in a 
vertical tunnel or shaft, communication with which being established 
from all the divisions of the building. 

This object Hr. Bitchie effects by the apjitication of steam-heat 
(or hot water) applied through an apparatna— producing a rars- 
faction in the shaft suffident to eflect a current that will ventilate 
the whole building. 

In 'this arrangement the fire-agency may be sitnatsd in the 
lowest part of the bailding^the rarefying apparatus acting on the 
principle of exhausting the vitiated atmosphere of the premisee— 
while fresh air enters from below to supply the exh'austion produced 
from above. The Working Model accompanying the Essay satii- 
iiEMstorily shows the principles ot the invention and its effects. 

On the whole the Committee, after mature consideration, have 
come to the conclusion, that Mr. Bitchie*s peculiar mock- of acting 
from above to produce ventilation Jy the application of steam-heat, 
ia deserving of the highest approbation of the Society, both on 
account of its salety and economy, 

EMurghj Jww 1853. (Signed} Jijos Suobt, Cbnomer. 

Bead and approved of by the Society, 11th July 1853. 

(Signed) jAJiLa Tod, Sec. R. S, S. qf Arti" 

The applications of steam to prodnce Tentiktion 
by radiation from heated surfaces are safe, easily man- 
age, and fiee from noise, and the annoyances which 
the direct application of steam itself causesi to attain 

this object. 
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ft. bitchib's plan Of 



Fig. 24 is a sectional eleTation skowiiig the appE* 
catloii of steam Tenttlation hj tiie author R. Ritchie 
(on the principle referred to in preceding Eeport) to 
a hall and i^artmeiits on diffeitnt floors. 

Fig. 24. a u the steMii- 

boiler; b b steam 
pipes placed in a 
vertical air-shaft 
or tunnel formed 
in the walls, rare- 
fying the air with- 
in it, and canied 
horn the basement 
to the roof. r^jL 

R feature el ttiij^ 

mentioned inMCl|i 

2 Report) W# 

^^pipecaal»ttlB1aWil 
witMn moxm^^ 

1^} — larger diameter, 
leaving an annular 
space between th3 
two, so that there may Le steam in tlie ooe and air in the 
other. By this means warm ^ir may be supplied, and vitiated 
air extracted from different rooms, c c c, c c c are air outlets from 
the different rooms into the perpendiotdar shalt^ each room having 
its separate flue to draw ofif the impure air, and likewise a fresh- 
air inlet dd d toe the cylindrical irteain T^QtilatiNcs as flhown 
in fiig. 23, here placed above the ceiling, for extracting Uie 
▼itiaied air from a hall, the air being expelled into the atmos* 
phere hy tiie lonyre «. The pressure of tihe steam la ayoided 
by its blow-off into the atmosphere : it is shown for distinctness 
in the out, separate from the louvre e, but it may be blown 
through the louvre to aid the upward current The condensed 
steam in the pipes is returned to the boiler, and assists in 
heating the pipes //, which are placed in a chamber at tho 




Digitized by Google 



VENTILATION BY STEAM HEAT. 183 

battment. The fresh air, moderately myrmed, enters the iudly 
M shown in the sketch, by 4he n«now passages round it, at 
an eleTation of about one thiid the height of the room. Sl^d 
the room be over crowded, the air may be fivoed in by a fiui- 
blower, as will be sabseqnently described. 

Mr, A. M. Ferkius, in a recent patent iuvention, 
uses a series of rertical tabes cjlmdiicaUy arranged 
for the condensaiion of steam and difitOling purposes. 
These tubes are one incli in exteraal and tliree quarters 
of an inch in internal diameter, and each tube at 
the top is reduced to a small air-hole, from which a 
portion of the steam escapes to relieve pressure, the 
condensed steam beinfi; returned to the boiler. The 
apparatus is simple in its construction, and can be 
applied with safety and without difficulty. The air 
which is heated by the condensation of the steam 
points out the advantages and applicability of this 
mode of arraDgement for ventilation, especially if ap- 
plied at the roof. In many instances the steam from 
the kitchen boiler might be similarly economised for 
ventilating purposes. 



PAKT m. 

VENmATEON BT THE 8TBAX-JET. 

It has been shown that the steam-jet which was 
described by Professor Faraday at the Koyal Institu- 
tioDy March 30, 1847, was applied some years ago 
in the Honse of Lords, where it has now been givai 
up, it is said from the expense and difficulty of rais- 
ing a sufficient supply of steam, and from the noise 
the escape of it created. Indeed the chief recognised 
use of the steam-jet at the present time is its application 
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to Uie Yentilation of ooal-mines, and even for tiiis it baa 
not been mncli nsed, altihough from the evidence given 
before Parliament respecting it, it appears to have 
been successfoL It has also been suggested that it 
could be (and there is little doubt of the &ct) adyan- 
tageously applied to the ventilation of drains. 

Fig. 25. The introduction of this con- 

trivanoe seems to be due to Mr. 
tGoldwortliy Gumej, who states 
in his evidence before a Select 
Committee of the House of Lords 
in 1847 on ''Accidents in Mines^" 
(page 42), "That in 1824 and 
1825 1 introduced jets of high- 
pressure steam as a means of 
obtaining ardfidal drauf^t or 
blast up the funnel of a loco- 
motive engine ; therefore my at- 
tention was more particularly di- 
^ rected to the application of it to 
mines. " In 1835" (evidence 
before a Select Committee of Commons, p. 286), "I sug- 
gested it as a means of ventilating nunesy in the belief 
of what I oonceiyed at that time and still conceiTe to 
be, the best means of doing it." This mode of ven- 
tilation has been described and investigated in the Par- 
liamentary BeportSy before referred to, on coal mines. 
Sometimes tiie boiler which generates the steam has 
been placed at the tup and sometimes at the bottom 
of the shaft: if at the latter. In principle it can be 
litde better than a fonace. When applied at the 
top of a pit, a steam-pipe c (fig. 25) is carried down the 
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shaft from the steam-boiler a, to a series of jets shown 
also in section b ; they are about the size of a goose- 
qui]], and are regulated in siase according to the pressure 
of tiie steam. When the pressure of steam is 60 
Tbs, the size of the aperture is smaller thuii if 50 
Jbs, The jets are placed 18 inches apart, in order that 
each may take its proportion of the column of air 
and ]ift it; and the number of the jets is varied 
according tu wlrnt is required to be done. Mr. Giimey 
states that a boiler of 15 -horse power, with a pres- 
sure of 60 fba^ is equal to ail ordinary purposes. 
He considers the ediaustion of air, as respects mining 
Tentilation, hy means of the jet to be more convenient 
in practice than forcing air in mechanicaUy. The 
advantages of the jet over the fan and the pump are, 
that it does not require machinery, as they do, to 
work it ; all that is reqidrcd being merely a high- 
pressure steam-boiler. Mr. A. M. Perldns' steam-enghie 
boiler. Lord Dundonald's, and boilers on the locomotive 
principle, which rapidly generate steam, might be ad- 
vantageously applied for the purpose. According to Mr. 
Crumey's statements^ the force of exhaustion witii the 
jet is very great ; the velocity of the current, as ascer- 
tained by the water-gauge* and anemometer,f being 

* The water-gwige ocnuriflts of a bent tube like aa inverted 
syphon ocmtainuig 'vrater which stands on a level mho4h legs — 
one leg is passed into the downcast shaft, and the other leg into 
the upcast ihafL The water is depraseed on the *in-take' and 
raised in the other, the dilEeience between the two is the power of 
the draught. Two mehes is considered a powerM current" — Our- 
ne^j Rep. p. 44. 

There are various kinds of anemometers in use. Thoso 

p{ Dr. Whewellf Mr. Biiam, and Naumann, display much skill. 

Z 
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I,d09| feet per minute, or 21} miles (21 miles 1235 
yards and 2 feet) per hour. 

For many purposes of ventilation the steam-jet is 
of considerable practical utility. A recent notice of 
it is as follows (Book of Facts 1858, p. 180) : At 
the Bowling Iron-works, near Bradford, the steam- 
jet has been applied in the following manner for 
ventilating a coal mine. in a pumping-shaft 120 
jards in depths the yentilation of which had been 
stopped by the water rising at liie galleries of the pit, 
the ^vater having stopped the idr-courses, the pit, 
to within a few yards of the top, became full of the 
gas known to miners as choke-damp. A perfect yen- 
tilation was produced by simply aQowing a small jet 
of steam to issue into the atmosphere a tew feet from 
the top of the pipes through which the water is ftrced 
up when the l unips are at work, so tiiat the jet can 
be worked with perfect safety. The jet of steam 
issuing from the top of the pipes produces in them 
a practical yacaum, which draws the foul air up 
the pipes and thence out of the pit with yery great 
velocity. Wooden or any other pipes may be used, 
it requires little or no attention to produce a powerful 



Leslie's anemometer depended on the principle that the cooling" 
power of a stream of air is equal to the velocity of the wind. Mr. 
Lind's anemometer was the indication by depression ul water in a 
tube. Osier's anemometer traces the direction of the wind and 
its pressure, and is self-registering, — as at the Royal Exchange, 
London. A simple mode of ascertaining the velocity of a current 
is to burn a little gnnpowder, and to mark the time the smoke takes 
to travel a given distance. This plan would obviously be dan* 
gerouB in places where inflammable gases are present. 
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cmrent^ which can be regulnted at pleasure. As the 
steam is discharged into the atmosphere above the 
top of the pit, it does not interfere with the working 
of the shaft/' 

As respects the application of the steam-jet to the 
Tenlilalion of domestic buildings, the trouble, if not 
risk, attending tlie use of high-pressure steam, and 
the noise it makes in escaping from the jets, renders 
tills poweifhl agent of less utility ; hence it has as yet 
been little used for the purpose.* 

Having now described the various means of ob- 
taining forced ventilation by heat, a few of the methods 
of aiding ventilation by mechanical agency will be 

noticed in the next chapter. 

* In the neent Beport (1861-) on Banack Ventilation abeady 
alluded to, the methods of ventilation by ** propulsion " and 
^traction " are noticed p. 66 ; but leu impof tanee seeme to 
be aitaohed to them fat Barrack and Hospital ventilation than 
the subject demands. Ventilation by extraction is in use at the 
Great Militaiy Hospital at Vtncennes, on one side of the 'Hospi- 
tal Liriboissi^re, in the Derby and other Lunatic Asylcmis, and in 
the new part of Guy's Hospital, London. It is also in use in 
mofat prisons in the country. The moving power in all these 
cases is heat, either from a fire or from hot-water vessels at 
the base of a shaft of greater or less elevation," Of steam 
and the steani-jet no notice is taken by the Commissioners. 
For Barracks and Hospitals they prefer air-shafts and fire grates 
** oonstructed for supplying the rooms with fresh air." These, 
as applied at the Wellington Barracks, have been described at 
page 51 of this work. 
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CHAPTER V. 

FORGED VENTILATION BY MEANS OF MECHANICAL 

AGENTS:— THE FAN, DHUM, BELLOWS, PUMPS, 
AND OTHEB MOTIVE POWERS. 

PAivI 1. 

FAN-BLOWEBS. 

The employment of the fan fur giving motion to the 
air is of great antiquily. The use of the puiikahy — 
which is sunply a large fan suspended oveiiiead in the 
apartment, moved to and fro by a rope pulled by an 
attendant outside, — is general in India. Steam-power 
has also been applied to move the punkah. This in- 
stniment cannot be recognised as a renovator of air, as 
it merely acts by agitating the atrauspliere within the 
apartment) thereby inducing a sensation of coolness^ 
the eyaporation* from the surface of the body bdng 
increased* 

The earliest notice of a wind-fan^ or blower upon 
that principle, used in this country, for extracting 
or supplying fresh air to apartments, appears in a 

communication of Dennis Papin to the Royal Society 
of London in 1705 (Trans, vol. 24), who states, in 
a letter to Dr. F. Slare, that he had improved the 
Hessian bellows by making the vanes of the &nning* 

wheel witliiu tke case eccentric (fig. 27), in place of 

* Aooording to Dalton's experimetitSi the hourly <ivaponttion of 
a cubic loot of water in calm weather is 22^ grains'— in a moderate 
breese 39 graina^ln a high wind 35^ grains. 
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concentric (fig. 26) ; and by workmg it with his foot 



Fig. 26. 




he could produce a wind to raise a weight of two 
pounds. This form of machine is seemingly of much 

earlier origin than these applications. It is obviously 
derived from the grain fanmng-mill, which is gene- 
rally supposed to have been introduced into Europe 
by the Dutch, from the Chinese. In the Gent Mag. 
May 1747, a grain fanning-mill is described, seemingly 
as an old invention used iu Silesia. Herbert^ in his £n- 
eyclopsectia^ states that the first grain blowing-machine 
on this principle of which there is a distinct account 
was that invented by Teral in 1729. In 1723 Dr. 
Desaguliers brought before the public (Phil. Trans. 
Tol. 39) an account of a machine for changing the air 
of a room by forcing in firesh air, or removing foul, 
which he thought would be of great use in hospitals, pri- 
sons^ and ships, and which he says was much more, 
elfectiTe than Fapin's Hessian-bellows." This machine he 
named the Centrifugal Bellows." It was merely a 
fanning wheel or blower, the air entering at the centre 
and being discharged at the circumference. It was 
seven feet in diameter and one foot wide. Desaguliers^ 
however, did not adopt Papiii s pkm of the eccentric 
vanes, but kept by the concentric form and a num- 
ber of vanes. It was worked by manual labour. He 
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complainedi in 1740, of the difficultj he had in getting 
a proper trial of his madune in presence of the Lords 

of Admiralty. It would appear, however, that Sir 
Jacob Ackwortii, Surveyor of the Navy, had one trial 
on board the Kinsale at Woolwich, but though not 
present When it was tried, he termed it a philosophic 
cal toy. Dr. Ure remarks, that from tlic defectiveness 
of its construction, as well as the smuU area of the 
dischaige pipe, it was probably not misnamed. One 
of t&ese blowing-wheels or wind-fans on a large scale 
was fitted up under the direction of Dr. Desaguliers 
in a chamber over the House of Commons, and it 
was worked occasionally by hand for ventilating the 
house from 1736 to 1743. The man who worked it 
was called " the ventilator." A machine of this kind, 
it is said, continued in use at the House of Commons 
for a great number of years. 

Wind-ians or blowmg-machines have in more recent 
years been occasionally used for ventilation. But for 
this method of extracting vitiated air from buildings 
to be effectual, a motor or impelling force to drive 
the fans is requisite. From the want of such power, 
and the expense of obtaining it for domestic buildmgs, 
the apphcation of the wind-&n must necessarily be 
limited. This principle of ventilation, however useful 
it may be, is more adapted for factories and mines 
and for buildings where steam power is used. !Never- 
theless it has been successfolly ^plied at several 
public buildings. In factories where there is always 
aiijplc power to drive it, the wind-fan becomes a 
useful and easily managed means of ventilation ; and 
it is now in common use. In general it is appUed 
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to exiaract the foul air, and is also sometimes used 

to force in fresh air. But both operations may be 
performed at once by it. 

EdCENTBIC FAN-BLOWEB. 

A great improvement has of late years been 
effected by making fanners with iron cases, the vanes 
being eccentric^ as shoim in fig. 27, — ^such as were 
recommended by Dr. Ure. When the object is to 
produce a powerfiil blasts a greater velocity must 
be given to the fanners, which are constructed much 
smaller and made to rerolye at the rate of about 600 
times per minute. Sach ai'e the eccentric fans now 
used at factories and other places, where they are 
driven by steam power. They extract the foul air 
with great rapidity, the rate being nearly 100 feet 
per second, and thus cause a constant renewal of the 
atmosphere in one or more apartments. It is stated 
that at a weaving-mill at Manchester where the ven- 
tilation had been improved by the use of the fenners, 
the appetites of the workers were so much increased 
that they thought themselves entitled to an increase 
of wages. This is strong evidence of its success. 

Regarding the efficacy of the fan-blower for pro- 
ducing an artilicial current, Dr. Ure observes that 
** it has been ascertained that a power equivalent to 
one horse m a steam-engine will drive, at the rate of 
80 feet per second, a fan the effective surfaces of 
whose vanes, and whose exhaling conduits, have each 
an area of 18 mches square, equal to that of a large 
steam-boiler chimney. The velodty of the aJr in the 
chimney produced by the consumption of fuel equiva- 
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lent to the power of 20 horses, was no more than 
35 feet per second, while that of the hn, as impelled 

by the power of one horse, was 66 feet per second. 
Hence it appeal's that the economj of ventilation by 
the &n is to that of tiie chimney-dranght^ as 66 is to 
35-20ths, or 38 to 1." .... With one bushel of coals 
consumed m working a steam-impelled eccentric fan, 
we can obtain as great a degree of ventilation, or we 
can displace as great a volume of air, as we could with 
38 bushels of coals consumed in creating a chimney- 
draught." .... " This mechanical system of ventiiatiuii 
possesses many advantages over the physical. It is in- 
fallible under such vicissitudes of wind and weather as 
would essentially obstruct any chimney-draught ventila- 
tion, because it discharges the air with a momentum 
quite eddy-proof, and it may be increased, diminished, 
or stopped altogether, in the twinkling of any eye, by 
the mere shiftmg of a band from one pulley to aiiotlier. 
No state of atmosphere without, or of humidity with- 
in, can redst its power. It will expel the air of a 
crowded room, loaded with the vesicular vapours of 
perspiration, with equal certainty as the driest and 
most expansive." * 

In the Beport (1861) on Barrack Ventilation 
&cJ* before noticed, it is mentioned that one of the 
most favourable examples of the method of ventil- 
ation by propulsion which was brought under the 
notice of the Commissioners, was that of Thomas and 
Laurent at the Hospital Lariboissih^ of Paris, — ^viz. 
" two l5-horse power liigh-pressure engines witii fan- 
blowers attached, which may be used alternately in case 
* Dr. Uie — ^Arohiteotnial Magasine (1837), page 171. 
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of accident to one. Hie air from the blower is conducted 
along the arched basement of the Hospital in which 

the machinery is placed by means of a larp^e plate-iron 
pipe, from which branches are given off to the different 
buildingSy and the branches are again sub-diTided in 
order to convey air to the wards.^' " As the air-flues 
have to pass under the floors, sufficient space is left 
between them and the ceiling of the room below for an 
air-tnmk of 14 inches deep. The fresh air is admitted 
to the wards through pedestals in the middle of the 
floors, and the foul air escapes by openings close to 
tiie floor, one between every two beds ; which openings 
communicate with flues in the walls tmmed up to lihe 
roof of the building. It will be obvious at a glance 
that a plan such as this would be quite inapplicable 
to barracks," &c 

ARCHIMEDIAN SCREW. 

Fig, 28. Another very important change has 




been suggested and has been sue* 
cessfblly adopted — the Archimedian 
doubie-threaded-screw fan. It is to 
some extent selfacting. The ascen- 
sional current of vitiated air acting 
on the threads and screws makes 
it revolve. Suppose such a thing 
were placed in a common chimney 



or in a ventilator at the ceiling : if not in rapid motion 

it would be an obstmction to the ascensional movement 
of the air, and it would rather retard than assist the es- 
cape of the heated air into the atmoq>here. The double* 
threaded-screw, like the fanner, to be effective, requires 

a power to keep it in regular motion, aud in this 

▲ a 
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way it bas beea soooessfiiliy applied to force air into 
buildmgs. 

The Barrack Commissioners, in their Report of 1861 
already quoted from, state as their opinion that there is 
lew I088 force in piropelling air by the Archimedian 
acrew than by thefim-bbwer;" andipeferenoe is made 
to Dr. Van Heecke's application of it in the Hospitals 
Beaigou and Neckar at Paris.* By an ingenious con- 
triyaace the pitch of the screw is made to adapt it- 
sdf to the YeloGity of the steam-engine " which drives 
it, by which arrangement the air-current is maintained 
at one uniform strength. 

Eig. 29. Fig. 30. Eigs. 29 and 

30 are different 
foniis as given by 




Dr.Eeidofinstra- 
ments proposed 

for the propulsion 
of air into, and extraction of it from, buildings, for 
ventilating. The arrows show the manner in which 
the air passes throngh. Another form^ termed the 
wittd-miU ventilatory condsts of blades or vanes tamed 
to the wind. 

• It !i ikated Id the Lanoet (1861, page 585), that at « 
meeting of the Metropolitan Aflsooiatioii of the Medieal OflBcen 
of Health, Mr. W. M. Pbipson, C. E., zead a paper on Dr. Van 
Heecke's Syttem of Wanning and Ventilation. BesideB the 

buildings ahoTe mentioned, this system has heen applied to 

various other places. It is merely the fresh air propelled along 
an air-channel by means of " a peculiarly-shaped fan (which has 
been patented) into an air-chamber containing a wanning ap- 
paratus, where the air is warmed and moistened, and whence 
it is distributed over the building. The vitiated air escapes from 
that part of the room at which the temperature ia lowest" 
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EXAMPLRS OF BUILDINGS y£NTIUI£I> WITH THE 

FAN-BLOWEB. 

The Fan-blower by Dr. D. B. Reid has been chiefly 
applied to the impulsion of fresh air into public build- 
ings. He remarks on the use of it for ventilation— 
" that he has always found it most economical to 
use large fanners with a comparative slow Telocity^ 
and these haye Taiiedi in public buildings requiring 
a condderable supply of fresh au*, from 10 to 20 feet 
in diameter." Fans of this description have been 
erected under his directions at the Old Bailey Court- 
House, London, at the Outer Parliament House, 
Edinburgh, and elsewhere. In both of these build- 
ings the fans are diiven at a slow velocity by small 
steam-engines on the plenum principle * — the fresh 
air entering the apartment below, being intended 
to force out the vitiated air above. The air Is 

• In the American Jonmal of Med. Science for April 1860, Dr. 
Eirkbride gives an account of Pennsylvania Hospital lor the Insane; 
and amongst other thinpfs, the method of heating and ventilating 
it. The system of warming is by steam-heat, and the ventilation, 
by propulsion, is effected by the fan. The fan is made of cast- 
iron. It is 16 feet in diameter, and its greatest width is 4 feet. 
li is driven directly by the shaft of a steam-engine, and its 
levolntioiiB vaiy from 20 to 60 per nuniite. The fresh air is 
reoaved from a tower 40 feet high, and is then driven thiovgh 
a dnct, which at its commencement is 8( by 10^ feet» into the 
extrome parts of the building. From the oold-air duot» open« 
Ings lead into different warn air-ehambeis, where the fresh 
air is heated. The warm air In nearly all osaes is admitted 
near the floor, and the ventilators open near the ceilings. The 
method of forced ventilation by a revolving- fan was also intro- 
daced into the New Jersey State Asylum in 1859. 
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wanned in winter before being blown in. It does 

not appear that the force ol' air blown in is sufficient 
to expel the air rapidly at the roof without increasing 
tiie canent so much as to give annoyance, which * 
has been experienced in both buildings. In the Edin- 
burgh one, although there is a large turncap provided 
at the roof, which revolves with its back to the 
wind, when the room is crowded it gets overheated, 
and the fan gives such an impulse to the air at the 
inlets, as to make a current offensive to those within 
its range. 

ST. 6£0B6£'8 HALI^ LIVERPOOL. 

Fans on the plennm or impulsive principle have 

more recently been applied by Dr. Reid as the ven- 
tilating medium at St. Greorgc's Hall, Liverpool. It 
is imposdble, in a work of this kind, and it is the 
less requisite, a<i the subject has been discussed before 
the Society of Arts, London,* to attempt desciibing the 
many contrivances and operations connected with the 
yentilation and warming of this edifice. It may be suf- 
ficient to state that there are furnaces and boilers on the 
ground-floor which warm the exteiiial air by means of 
hot<water pipes 4 inches in diameter, of which there is 
nearly a mile. These pipes conduct the hot water fix)m 
the boilers to the neighbourhood of four colossal wind- 
fans driven by a central steam-engine of ten horse power. 
The fims are 10 feet in diameter and revolve at from 60 
to 75 revolutions per minute. The air is *^ tossed amid 
the labyrinth of hot-water pipes " until the tempera- 
ture is raised in winter to 90*" or lOO'^ F. It is 

* Soae^'s Jonroal, Sept. 1854. A deacription was given in 
ihie Jounie], horn, notes read by Dr. Beid with speoial illmtra- 

ikta of the ventilation, April 18, 1855. 
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ibea difibsed through the great HaU and Coiirte by 

a series of valves aad open work inserted in the 
Hoors and walls. When not required to be heated, 
the air is sent into the building by other fims having 
no connection with ike heated pipes or suriaoes. The 
means adopted for carrying off the vitiated air from 
the great Hail are extensive. The ventilation is on 
the ascending principle, the fresh air being admitted 
below and Hie vitiated air escaping at the ceiling. 
" The space between the outer side of the arched 
roof of the Hall and the outer roof of the building 
is one large air chamber. At each end ot the building 
are placed ornamental and open trelMsed work, through 
which the heated air rushes witli srreat force into the 
upper chamber, and is conveyed away through a series of 
glass louvre plates into the sides of the elevated roof. 
In the panels into which the ceiling is divided, there 
are 20 vtilves, corresponding to a bimilar number of 
ornamental openings in the under side of the ceiling, 
giving a discharging sur^use of 400 feet. These valves 
may be raised or lowered as circumstances require 
by raiidng the large wooden flap which covers each 
of the apertures. There are also a number of side 
apertures, through whidli the vitiated air can make 
its egress in order to reach the vast air chamber at 
the top of the buildmg. The average temperature, 
it is stated, at which the HaU has been kept through- 
out the whole of the concerts, has been about 67^ 
Fahr., varying not more than one degree each way." 
The object which Dr. Beid had in view was to dif- 
fuse aa much as possible an equable temperature over 
every part of the structure. 
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The discharge of the filiated air from the fiir- 

liiices, and of the waste steam from the boilers connected 
with the offices and the law-courts, takes place through 
a series of large horizontal flues tenninatiiig finally 
in four vertical shafts concealed within ike angles of 
the great Hall. These shafts, concealed by columns 
which improve the appearance of the Hall, are about 
14 feet square, having in the centre a dividing wall 
with apertures which maj be dosed or opened as 
required. The smoke from the furnaces and the flues 
traverses one of these divisions, and the vitiated air 
from the courts and offices the other. About nud- 
way up these shafts there are furnaces for the pur- 
pose of creating a di'aught to carry off these noxious 
products when the state of the external atmosphere 
is unfavourable to draught. The horizontal flues 
connected with these air-shafts admit of several per- 
sons walking with ease from one end to the other. 

To defend these shafts from the action of varying 
gales of wmd and eddies at the roof, a double pro- 
vision has been made, consisting of louvres in the 
interior, and, externally, of large curved deflectors^ 
which turn aside the strongest curr^ts that play 
upon them.'' 

From this description the vast amount of labour 
and skill employed may be very eaoly conceived. The 
means provided for the ventilation and warming of 
this large building are so ample, that it cannot faO 
of success if attended to and worked out in the 
manner the able deviser has intended. Beside the 
plenum process of ventilation by large fan^Uowers, 
to trust to which entirely, as has been stated, is often 
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uncertain in its results, it has been combined with 
the Yacnnm moyement, ensuring a carrent at all times 

by meaiis of fuiiiaces placed in the foul-air shafts. 

IMPULSIVE AND EXHAUSTING MOVEMENTS COMBINED. 

At another building in Liverpool (the Philhar- 
monic Hall), the architect, Mr. John Cunningham, has 
employed fan-blowers of a smaller description for the 
ventilation, which act both upon the impulsive and 
exhausting movement of the air combined. Two fans 
are used, driven by a small steam-engine. The arrange- 
ment of the fans is the same as that recommended by 
tiie author of this Treatise in his Essay on the Venti- 
lation of Factories, published in 1844 — (See Trans, of 
E. S, S. of Arts, p. 28.) " I propose to make use of 
mechanical ventilation in &ctories by means of a wind- 
fan, or screw ventilator, or air pump, placed at the 
bottom of tlie building in order to throw in a con- 
stant stream of fresh air ; and to draw off the exhaled 
or vitiated air by a wind-fan on the upper part of the 
buflding, — ^these two wind-&ns being worked dther by 
the steam-engine or other power as may suit best." The 
architect at Liverpool speaks highly in favour of the 
plan he has adopted of ventilating with two fans, as 
'by the double or reciprocal action any amount of ven- 
tilation can be commanded, and there is not required 
that amount of impidsive force to discharge the impure 
air^ which is requisite when only one impuMve fan be- 
low is applied. Dr. D. B. Reid, in his recent article 
on ventilation (Enc. Brit, last edition), expresses himself 
as favourable to compound ventilation when both 
plenum and vacuum ventilation may be said to be in 
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operation^ the vitiated air being extracted with as much 
powar 88 that by which the fresh air is forced in. 
This is the most perfect form of yentilation for all 
very crowded apartments." 

At factories, as yet, wind^&iiis are chiefly used above 
to extract the foul air^ but the advantages of the com- 
bination of two fans under proper regulation cannot 
be overlooked. Although the certainty of action can 
never be depended upon unless there is a motive power 
at command to drive the fan, stiU, in cases where a 
slow movement would suffice, a plan niicrlit be devised 
to extract the exhaled air, — as iiom a scliooi-room, by 
having a fan or screw worked by weights, wound or 
drawn up like a clock or jack so as to keep the &n 
revolving for so many hours at a time, and the fresh 
air to enter the room at points found most convenient. 
In the Parliamentary Beport on Barracks (1861, p. 66) 
the same idea occurs. It is stated that it has been 
proposed to ventilate sepai'ate rooms by small venti- 
lating machines the mechanism of which should be 
worked by a weight like a kitchen jack." The fresh 
air could be admitted to these rooms by the air-inlet 
noticed ante, page 159. " This consists of an iron box 
opening upwards to the ceiling, inserted dose to the 
odling of Ihe room, having a direct communiealion * 
with the external aii'." K. page G8. 

VACTOBT VJfiMTlLATED WITH THB 8C8BW-Tijr. 

In some instances the Archimedian screw has been 
used at factories for the impulsion of fresh air, as a 
substitute for the fan-blower. About thurty years ago 
M. Motte introduced it to public notice. In 1848 



Digitized by 



TO THE VSNTILATION OF A FAOTOBT. 



201 



lihe author saw tiie doable>threaded<8crew in operation 

at Leeds in the works of Messi*s. Marshall, It was 
used to propel air into a large power-loom chamber 
of one floor. It was driven by means of an eight* 
horse-power engine^ and a very strong ciiRent was 
produced. It appeared most efiective. In winter 

die air 18 heated hj 
being foiced by the 
screwa, fig. 31, through 
a number of small 
tubes b, placed within 
a large iron case heat- 
ed by steam (shewn in 
the section nnder the 
transverse one showing 



Fig. 31. 




o ^ 


ij 










o o o o 

O 0 o 
0 0 o o 

o o o 

n nJ 





the tabes.) After passing through the case 6, and 
receiving heat, the air passes into a large flue c, and 
from thence (subdivided) enters the room by numerous 
apertures in the floor, and the vitiated air passes out 
by the impulsive or plenum process at the numerous 
roof lights above. Before the air leaves the chambers 
where it is heated^ moisture ia imparted to it by 
means of a jet of water falling on a circular iron 
plate revolving rapidly, which sends a sheet of spray 
upon the entering current of air. These arrange- 
ments have been carried out by Mr. Combe of Leeds. 
The Archimedian screw has also been used ibr venti- 
lating purposes by, amongst others, a M. Combes in 
Belgium. 

The screw applied in this mann^ proves its 
utility, and from the rapidity of the motion seems 

to realize what has been stated, that there is less 
loss of force by it than by the fan. Another form of 

B b 
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madbine of this Idnd, althou^ aomewhat diierent in 

its details, for which a patent has been obtained by 
Messrs. Hamilton & Weems of Johnstone, was brought 
before the public some years since. It consiata of 
a wind-ftn driven by steam-power arranged so as to 

force the air through tubes placed in a case heated 
by steam, the air being heated in its passage through 
the tubes before it is discharged. This machine has 

Fig. 32. 

H 0 H I— —————I \ a is the fen- 

* ~ ^ blower, and 




h the heating 
cylinders. 

been chiefly applied to drying purposes^ for it can 
be of little use for general ventilation imless where 
steam power can be employed. The idea of heating 
the air in its passage through tubes heated by steam 
or hot-water has been long mnce antidpated. Tred- 
gold's plan is shown in fig. 22, at page 178 of this 
work ; and the Marquis of Chabannes and others ap- 
plied this system many years ago. It is shown from 
fig. 81; p. 201, tiiat the plan of forcing the air by the 
wind-fan through heated tubes has been a long tune in 
use. 

PATENT Wnm-FANS OB BLOWBBS. 

Amongst other forms of the wind-fan there is a 
horizontal one invented and patented by Mr. G. L. 
lioydy Mardi 1828. There is also a rerolying fen 
of a somewhat similar kind invented by Mr. H. 
Bessemer, and also one by Mr. William Brunton, C. E. 
of Newport^ South Wales. There is also one patented 
by Mr. Haig, London^ which he terms a continuous 
blast-blower well adapted for the ventilation-blast of 
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minesy ships, and buildings." It may be worked 
as an extractor, or as an impeller of the air, and it 

is capable of exhausting from 2000 to 6U00 feet of 
air per minute." In the minutes of eyideace taken 
by a Committee of the House of Commons on accidents 
in mines, Jime 1B38, there is a plan proposed hj a 
Mr. John Martin of London, for ventilating mmes by a 
wind-&n placed on the top of the upcast pit ; but the 
peculiarities of his ventilating«fan are not described. 

FANS IN CARRIAGES. 

A patent was obtained in September 1842 bj 
Mr. Robert Haisard of Clifton, near Bristol, for im* 

provements in ventilating carriafjes, and cabins of steam- 
boats, lie proposed to remove the vitiated air within 
a carnage by means of a fanner fixed at a convenient 
place, and set in motion by the revolution of tbe 
wheel or by other motive power. This plan could 
be eaaly applied to railway carriages, by which the 
vitiated air could be extracted by the revolution of 
the caiiiiige wheels without annoyance to the pas- 
sengers, by placing it, perhaps, on the top of the 
carnage. He does not specify how he intended to 
apply his fans to ships' cabins. An excellent paper 
appeared in the Biiilderj January 1859, on the de- 
fective ventilation of railway and other carriages. It 
is remarked that a close carriage compartment is some, 
twenty times worse, as regards the means of ventiladon, 
than a prison cell. In a prison cell each occupant 
has 1000 cubic feet of air space, with a regular change 
of air by artificial ventilation; but in an ordinary 
railway compartment, the air space for eadi person, 
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when the coiiq>artiaeiit is lull, will not amount to 
50 cobic feet, and, all things conaid^ped; soarcdjr 
half thia 

The very great attention which has been paid by 
engineers to improring the wind-&n and applying the 
levolTing maehinea, with the aid <^ steam power, to 
forced ventilation, has now been shown. It is only 
of recent years, liowever, that the utility of the fan 
for ventilation has been Mlj appieoiated} but the 
diffioiilty in domestic biuldings of obtaining a motive 
power to work such ventilators, renders them of com- 
paratively less use than they really are, or otherwise 
would be ; while ev^ in these ^plicsdons much care 
is reqniaite to prevent the complaint somethnes made 
against them of blowing hot and cold, or of creating 
offensive currents* 

PAIIT II. 

REVOLVING P&UM. 

Mr. Bmnton's Ventilator for mines and other pmv 

poses has been practically tested, as he showed before 
the Select Committee of the House of Lords on " Ac- 
cidents in Coal Mines " in 184^. As applied at Mr. 
Powell's coal-pit (the GeSLj Gaer) in Glamorganshire, 
on the Taff Vale Railway, 

it consisted of a revolving dram a (Plate VII. figs. 1, 2, 3, 4) 
22 feet in diameter, made of sheet-iion, placed upon an air 
culvert b communicating with the upcast shaft c of a coal- 
pit which was dosed at the top. There is a dxcular wall 
of masonij d S feet in diameter, concentric with the 
drum, and which reacheB to within two inches of the lower 
part of it. The two-inch space ia filled with fire-clay, 
and it is made sutficiently tight so that by the revolving 
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of the drum a cousiderable rarefaction or current is pro- 
duced with very little leakage. In turning, the drum in 
its revolutions charges the air through the radial openings 
e with a degree of force which is due to its Teloci^ 
npoa the prindi^e of oe&tnfhgal force. The air enters 
the radial compartments / (fig. 4) below, and passes out at 
the edge. The motive power is a steam-engine g (figs. 1, 
3) distinct from the collierj engine; the driving pulley 
being ten times larger than the little pulley h on the spindle 
of the dnuU} so that if the driving pulley turns 58 times 
per minntei the drum revolves 580 times. There is an 
arrangement provided^ by a moveable platform, that when 
drawing coals it opens and shuts as the stage rises or de- 
scends. 

The drum, if diiven 210 revolutions per minute, 
will produce a rare&ction or drawing power whereby 
a current is generated producing a pressure of up- 
wards of 50 pounds on the square inch. The expense 
of the apparatus with a suitable high-pressure engine 
of a few horses power to work it at 130 revolutions 
per minute, may be estimated at £150, and with the 
boiler, at £200. 

The opinion of other engineers is favourable to Mr, 
Bnmton's ventilalang machmes* Mr. Samuel Dobson, 
mining-engineer, South Wales, who had seen the machine 
in action at Gelly Gaer colliery, states in his evidence 
before the Committee that he considers it a much more 
powerful means of ventilating than the furnace^" (p. 
420) ; and " it is stated that from experiments made 
in presence of practical and scientific gentlemen when 
the machine was going about 99 revolutions per minute^ 
the rarefaction (as indicated by the water guage) 
maintained in the upcast shaft was equal to 2^ inches 
of watei', or 13 lbs. on the square foot, and this pro* 
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dttced a strong current through the workings of the 
colliery. One of the side ways of 20 yards long had 

a mean area of only 9^ supei*ficial feet, yet such was 
the power of the machine that 18,000 cubic feet of 
air per mmute were propelled through the passage 
at a yeloeity of 32 feet per second, and afterwards 
found its way to the upcast pit through an opening 
of only 4 superficial feet area, at a velocity of 70 
feet per second, exhibiting a degree of rare&ction and 
power of propulsion to the entire satisfaction of all 
present." " Another experiment was made with the 
machine by stoppmg the mflux of air from the down* 
cast shaft, and in less than five mmntes the whole 
colliery was artificially subjected to a rarefaction equal 
to, and in its effect upon the gas in the coal corre- 
sponding with, a sudden fall of the barometrical column 
of about 2-10th9 of an inch of mercury.'' ''To this 
capability of drawing off at pleasure the carbui'etted 
hydrogen from the goaves and fissures during the 
absence of the workmen and theur lights^ and the 
reintroduction of fresh air before the men resume work 
when the colliery will be tbund in an extraordinary 
state of purity of atmosphere, the inventor looks with 
confidence as a means of preventing fire-damp, and 
promoting the health of the workmen." It was stated 
that the number of the revolutions of the machine 
might be increased with safety to 150 or more per 
minute, which would give a pressure equal to 27*2 
upon the square toot. Mr. Brunton says that he 
could rarefy the air by his machine to the extent of 
7 or 8 inches of water, which he never saw done by 
othei' means. 
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PAKT III, 
BELLOWS. 

Contemporaaeoiis with the introduction of the 
wind-fan into tiiis country for TentQation, was tiiat of 

the Bellows, by the well known Stephen Hales, D. D., 
F. K. S., Eector of Famngton. In a communication 
which he wrote to the Bojal Society in 1742^ he called 
it the Ship's Lungs." In his work, now rare, termed 
** Description of Ventilators whereby great quantities 
of fresh air may be conveyed into mines, ships^ &c." 
(870y London, 1743), he notices the T^tilator of M. 
Triewald, — an account of which was read before the 
Royal Society ot Sweden, 3rd April 1742, and a 
description of it published by order of his Swedish 
Majesty, called a *^ Deduction of the usefulness of his 
engine on board of Ships," and a translation of the 
work was communicated by Cromwell Mortimer, M.D., 
Secretary to the Eoyal Society, to Dr. Hales. Dr. 
Hales does not describe Triewald's plan ; but m all 
probability it was on the same principle as that brought 
under the notice of the Royal Society by the former 
as the " Ship's Lungs." Triewald's ventilator drew 
the foul air from under tiie decks of ships ; the least 
it exhausted was 32,172 cubic feet of air per hour, 
that is at the rate of 21,732 tons in 24 hours. In 
men-of-war and hospital-ships, this machine was placed 
on the upper hatch, and the pipe going down between 
decks drew out the unwholesome air, which was in- 
stantly replaced by fresh. In 1742 all the men-of-war 
of the Swedish navy were fitted with tins apparatus; 
and in that year the King of Trance ordered all his 
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navy to be provided with these yentilators. Dr. Hales 
recommendB hk own ventilator . as being easily and 

cheaply constructed. 

Fig. 33. Tt consisted (Fig. 33) 

of two oblong air-tight 
wooden boxes a b cd^ 
parallel to each other, 
havmg wooden boards or 
midrilfo closely fitting 
their interior sectiooi 
hinged at the end, and 
drawn up or piuhed 
down at the opposite enda 
by means of the upright rods g g attached on the standard between 
the boxes. By the elevation or depression of the midrlfif effected 
by th ' :ilt('rn:ite raisinfr and depressing the ends of the lever^ 
the air was drawn in or forced out of the boxes through a series of 
▼aives h A| some opening inwards and some outwards. 

At the opposite end from where the iron rods were, 
there was a casing placed over four of the valves 
which emitted the f^ul air, communicating with an 
air-tnink or pipe which led off the air in one body. 
It eonld be used either to throw in firesh air or to 
draw olF foul air. Dr. Hales describes the application 
of his ventilator to H. M. ship Captain. The venti* 
later was abont 10 feet long, 5 feet wide, and 2 feet 
deep. It was placed flush with the floor of the orlop 
deck, and the trunk, or vitiatcd-air pipe went through 
the gun and npper decks near the side of the ship 
to the top of the gunnel Two men standing on the 
orlop deck worked the lever, which was 12 feet long ; 
and from the number of men in large ships the labour 
was small. The lerer and standard were made to im* 
ship, so that little obstniction arose from the machine. 
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When tlie hold was to be ventOated, the gratings on 
tiie upper decks were covered with tarpaulins, and the 

•doors left open of those cabins which wanted ventila- 
tion. The ventilators were made of different sizes, ac- 
cording to the class of the ship. 

Notwithstanding the success, wluch was aeknow** 
ledged at the time, of these ventilators in ships, mines, 
and prisons ; still on shipboard there must have been 
oifcjections rsised against them, as Dr. Halesy in his . 
commnnication in the Philosophical Transactions 1751- 
1755, combats these objections, and regrets that the 
system was not more generally used for the preservation 
of the health of seamen in ships. Whatever may have 
been the cause of their discontinuance, and it is more 
than probable it arose from the trouble of working ihcm, 
thej gradually appear to have been disused in ships, 
and no vestige of tiiem seems now in existence. The 
use of bellows for ventilation had but a short duration, 
and has not again been revived in these inventive 
times. The operation of these bellows is closely allied 
to that of the pnmp. 

PART IV, 

AIE-PCMPS. 

The next class of ventilators are those on the 
pneumatic prindple, such as the various forms of air> 
pumps, whidi have been proposed and adopted. But 

a preference appears to be given to wind-fans, from 
the steadiness of the stream of air evolved by the 
rotatory motion. 

c c 
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The idea of using pumps for mining yeutilation 
seems of long standiDg. It was fiisfe proposed hj 
Erasmus King to hare yentilators worked by the 
" fire-engines of mines ; " and Mr. Fitzgerald (in Phil. 
Trans* 1758) suggests an improved method of doing 
this. In the Transacdons of the Society of Arts of 
London, 1810, Mr. J. Taylor of Tavistook has de- 
scribed a plan of pumping out impure air from mines 
by an exhausting cylinder. Mr. Taylor's engine dis- 
charged more l^an 200 gallons of air per minute. 
It was proposed to be worked by a regulated power 
or weight on the principle of cl')ck-work ; — or the 
pump Gonld be attached to a small &11 of water of 
about 12 feet; or steam-power could be substituted 
for water-power. 

BUDDIE'S AI£-rUMF. 

Mr. J(^n Buddie^ the well-known minmg-engineov 

applied the pump worked by steam-power to ventilate 
a mine. He stated in his evidence given to the 
Select Committee of the House of Commons in 1835 
on Accidents in Mmes (page 132), " that the'most 
common way (of inducing a ventilating current) is by 
rarefaction, which is effected by placing a powerful fur- 
nace at the bottom of the up-cast pit ; or where it is 
not safe to employ a furnace, by what is called a 
water-fall. Both these modes have their advantages 
and defects; in many instances I have experienced 
that no furnace could be lighted on account of the 
enormous quantity of gas coming upon it, whidi would 
cause it to explode ; that is an objection to a fiir- 
nace as not being applicable to all cases. The next 
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k the water-fall; that isTery'good, but yet it is ob- 
jectionable inasmucli as a saffident quantity of water 

could not be tlirown do^vn without risking the diowning 
up of the ^vo^kings. To obviate this (Acuity, be- 
tween 1807 and 1810 I applied yarioiia modes of 
Inducing a current of air tfafough a mine— tlie steam- 
ventihitor, the hot cylinder, and the air-pump." " In 
a letter which I addi'cssed in 1813 to Sir Ralph Mil- 
banke, president of a Socasty at Sunderland for the pre- 
vention of explosions in ooal-mines, all tike difSmit 
modes are explained." From the e\idence oi Mr. George 
Johnston, ooal-viewer, in the same Keport ( p. 84), it 
appears that the piston aiivpump which Mr. Buddie 
erected at the Heaton and Hebbum Collieries was 
five feet square, ^vith a stroke of 8 feet, and the 
valves were one-third the size of the piston ; " and 
it was worked by steam-power at 20 strokes per 
minute. Mr. Johnston states tliat tiie air-pump was 
used at Heaton Colliery, but he found it was not suf- 
iidently powerful to cause a proper veutilation of the 
mine. In spite of the danger of explosions pointed 
out by Mr.;;Buddle, it was replaced by the furnace. 
Mr. H. Wood, coal-viewer, who was called upon by the 
Committee in 1835 to give his opinion upon the utility 
of a large air-pump, as also upon a system of burners 
upon the winnowing principli , states (page 58) that 
he had no knowledge trom his own experience of 
the power of such madunes, or the velocity of the 
current that could by them be obtained.'' But Br. 
X. x\j'nott, ill his evidence before the Select Committee 
of the Lords on Accidents in Mines (i84i)), gave an 
opinion of the value of the air-pump for ventilation. 
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He states that there is no limit to the qnaatitjr of air 
whidi vmj he moved by it^" 

strute's exhaustihg afpa&atus. 

One of tli6 most successful applications of the air* 
pnmp to mming ventilation is that invented hj Mr. Wil- 
liam Price Struv^, mining-engineer, Swansea, Wales. 
(Fkte VII. figs. 5, 6, 7.) He terms it the " Patent 
Mme Ventilator." * This machine has been brought more 
prominentlj before the public in the evidence given 
bj him to the Select Committee of the Lords in 1^9, 
and before the Committee of the Commons in 1854. 

It consists of two pomps or gasometers, which move up 
and down in a case of masooiy. The lower part of this 
masonry is a tank of water ; the water forms the heimetical 
seal which prevents the air tmvcaning fiom the inside to 
the ontside of the gasometer.'* 

The air-pumping machine was first successfully applied 
at the Eaglesbush Colliery, South Wales, and since else- 
where. The expense of the whole, complete, without the 
steam-engme (which is applied to no other purpose), is 
about £300. He subsequently estimated the total ex- 
pense of a 25-feet mine ventilator, capable of passing 
through a mine 100,000 cubic feef of air per minute 

* An improvement in the ventilation of mines, more par- 
tidllarly applicable to a new pit, has been proposed by Joseph 
Jones of Severn Stoke, WiNrcester. The distinguishing feature 
of the system is that the downcast shaft is placed at the lowest 
point of the mine^ and the cold air tmm the sui&oe is canned 
at once into the lowest parts of the mine, or into the places 
where the men are at work, whence it ascends without inter- 
mptiontothenpcsstshsilt, whichisontheiiseofthssesnu The 
ran&ctum of the air in the upcast^shaft is increased 1^ a 
furnace, or Stnir^ ezhaasting apparatus. 
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when the pistoDS move at the rate of 200 feet per nuimtei 
at £450; and a 16-mch high-pressure eDgine,— cylinder 

to work buiizontally, with boiler, would cost £250 ; 
making the whole expense £700. But if spare steam- 
power happened to be at the collierj, — by taking steam 
oat of ilie boiler, and merely haidng a cylinder to woik 
it, the expeiise would be brought down to sumethiiig 
like £550 to £600. (Par. Kep. 184i^, p. 281.) 

Fig. 7, Plate YII. is an elevation showing its application 
ftt the pit. Fig. 6 ia a sectioiiy and %. 5 the ground plan, 
a is the npcaat AxSt^ ft is a ealvert 6 feet by 6 feet, oon* 
nectmg the upcast pit mth the ventilator ; — ^thas an nnin- 
terrupted communication is established with the whole of 
the air passages of the colliery, are two cylinders of 

masonry 14 ieet interior diameter and 16 feet high, e, 
are interior cylinders of masonry 9 feet 6 in height and 
4 feet 6 in diameter ; the space between the two cylindeis 
is filled with water 7 feet deep, maj^ed which prevents 
air escaping or being admitted except through the inlet 
or outlet valves, fy are two aiiometeis of 12 &et in 
diameter and 8 feet 6 in. long, made to balance each other 
and to move vertically iu tlic water by meand uf uniulcsj — 
connecting rods with the chains from the cranks, and 
which also serve as guides; — hj two cranks placed in 
opposite diicctiions on a shaft, and to which an engine of 
abont 5 hone-power is attached to give them rotatory 
motion; — t, t, two chains connecting the cranks with the 
airometem and giving a vertical motion to the aiiometers ] — 
kj ky k, fi>nr air-ports 4 feet square fitted with valves 
to admit air from the mine j — four air-ports 4 feet 
square, with valves for the discharge of the air into the 
atmosphere, are the framings which support two 

sheaves of 2 feet diameter, over which the chains move, 
and which have to support the whole weight of the aiiometeES. 
II is the embankment fermcd from the cuttings of the 
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ibundations. r is the firanung of the pit for laismg coal, 
showing the cover s raised by the waggon, the platform 
of the vag^n supplying its place. 1^ ^, are tubes at the 
top of the pit to pievent leakage ; — «| v, doors thiongli 
which the apparatus may be inspected. 

The pumps are double-pumps, there are four oullet- 
valves and four inlet ones ; an inlet and an outlet to each 
pump. The machine is attached to tlie top of the shaft 
wliicli creates tlie ventilation of a colliery, and is worked 
by a steam-engine of 5 horse>power. It has two airoineters 
or gasometers of 12 feet in diameter, each capable of being 
worked to a four-feet or a six-feet stroke. If they were 
moved at llie rate of 200 feet the apparatus would discharge 
40,000 cubic feet «f air p» minute. The outside of the 
machine is made of masonry, the top is covered with wood. 
In working the apparatus, two sets of valves, working to- 
gether, open at the same time; each valve being about 
equal to 16 superficial feet. .So that there are 32 superficial 
feet open to receive the air, and 32 superficial feet open 
to let the air out of the mine. So that as they are workiug 
together, whilst the one is filling with air fiom the mine 
in its intetior^ the other would be filling from tl» air of the 
Biine in the exterior chamber. 

^Ir. Struve states in his evidence (p. 25iJ) that 
the apparatus at the Eagiesbush Colliery is worked 
by % small engine of b horse-power; and it is one of 
those collieries difficult to yentUate on account of t^e 
size of the upcast shaft, which is only 3 feet 6 inches in 
diameter and is only about 8 fathoms deep. Through 
this small diameter 13,000 cubic feet of air are driven 
per minute, the engine not being sufficiently power- 
ful to do more. This creates a rarefaction of about 
2f inches on the average, which is equivalent to about 
12Ibs per square foot The machine at Eaglesbu^ 
makes, with a 4-fcct sti'oke, 7^ strokes in a minute. 
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OLDHAM'S FOBCB-FUMP. 

Mr. Oldham, engineer, London, has applied a force- 
pump for ventilating purposes combined with warm- 
ing. He luus put this system in practice at the Bank 
of England and Bank of Ireland; and it was de- 

cribed in the Civil Engineer and Architects' Journal 
for 1839. 

A body of pure air of any required Tolmne, and 

passing at any required velocity, is forced by the dd 
of an air-condensing pump into a chamber or chest, 
where it is heated, by an ingeniously-contrived but 
extremely simple apparatus^ by means of cross cor- 
rente of steam. The pecuKarity of its contrivance is, 
that an ascending body of air, on entering the chest 
divides itself into any required number of thin horizon- 
tal films, by which a very extended surfkce is exposed 
to correppondinn^ steam-heated metal surfaces. The 
chest or condenser in the apparatus at the Bank of 
England is 3 feet square, and the body of the air to 
be heated, while passing over 3 lineal feet, spreads 
itself over 154 superficial feet, and coming in contact 
with a correspondiag superficies heated by steam, 
reodves a very large supply of heat in a short space 
of time. This apparatus at the Bank of England, 
besides heating and ventilating several large apart- 
ments, is subjected to the test of evaporating, from 
a series of 400 large mill-boards having a surface 
of 1600 feet, the moisture which they have absorbed 
from the freshly-printed bank notes, large quantities 
of which are thus dried daily by this process. By 
Mr. Oldham's arrangements the air is filtered and 
purified before entering the interstices of llie steam 
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chest to be heated, and can also be regulated in 
temperatme. The author has seen it m operatioiL 

DR. ARNOTT'S AlR-rUMPS. 

Br. Neil Amott of Londoi^ in the Parliamentary Be- 
port of 1849, p. 86, appears to give a decided pre- 
ference to the iui-piimp over other mechanical contri- 
vances for forced ventilation. He says (page 91) 
one of the chief adrantages of the pnmp as com- 
pared mth other means is, that it measures the quantity 
of air passing along so iiitelligihly to even the ignorant 
and Q^eless observer, that it keeps all on their guard 
against possible dangers from ixDsnspeeted impedimentSi 
; a positiye obstruction would stop the pump, but 
might make no visible change on the action of a chim- 
ney, a fan-wheel, or a steam-jef The whole question 
of ventilation is in reaHty a question of comparative 
- quantities or measures.'' Now that pumps can 
be made with curtain valves, which t)ffer no sensible 
impediment to the passage of the air, we find that 
the same quantity of air may be mOved by the 
eightieth part of the force which Dr. Hales had to 
employ." 

Dr. Amott also states that there are various ample 
means of acoompHsMng ventilation even on a large 

scale, as in mines, and at the same time providing 
for the admeasurement of the amount of air supplied; 
but the means he thinks the best adapted for general 
I u looses is a form of ur-pump. It bears a consider- 
able resembhxnce to the air-bellows of Dr. Hales, only 
that it has the advantages of steam power to work 
it Whilst this gives it a certainty of action, it no 
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doubt has the disadvantage that if steam power be 
necessary to work it^ it is thereby limited in the extent 

of its general application. Pr. Amott's pump is de- 
scribed in the Parliamentary evidence before referred 
tOy and was introduced some years ago at the Bromp- 
ton Hospital for Consumption. The author has there 
seen it in operation ; but after a trial of some years, 
from one cause or another it has been removed, pro- 
bably in consequence of the trouble attending the 
working of the steam-engine, or from the irregularity in 
the movements of the aii* thiown into apartments which 
require the utmost uniformity of temperature and avoid- 
ance of currents. The means of rentilation at present 
adopted at that Hospital is an extracting fire-apparatus 
causing rarefaction of the air at the roof. 

It may be usefal to give a short description of Dr. 
Amott's pump, which has met the fete that be&U the 
machine of Dr. Hales, to whom he nfeis. It consisted 

of two wooden barrels a, a, 
three feet square and six 
feet deep, with light pis- 
tons of wood less 
than 3 feet square, moving 
loosely up and down the 
middle of the banels, but 
as dose to the walls of 
them as possible without 
producing wasteful fric- 
tion. Curtain valves c, c, c, c, occupy the spaces above and 
below the piston. The two pumps are connected with the 
ends of a beam moving like that of a steam-engine 20 
sttokes per minute in obedience to a crank. 
By means of this double pump, 2000 cubic feet of air 
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have been measured into the Brompton Gonaiimption Hospi- 
tal eyeij minute, day and night, in winter and in snrnmer. 
The air was warmed in winter, by passing between the 
interstices of copper plates or leaves heated by hot-water 

before being pumped in. The pump was worked by 
a small steam-engine of ono-liorsc power. This plan of 
imparting heat to the air much resembles those of Mr. 
Oldham, Mr. Priee, and others, who have applied easea 
filled with steam or hot water, instead of naing pipea. 

Br. Arnott says that this pump was in use 
for some years mth success, and that the air is 
pumped through diflfereut parts of the house, every 
room receiving its due portion by means of air-meters 
and valves placed at the entrances. The greatest 
distance the air was conveyed at the Hospital was 
150 feet; but he mentions that at the uew Marine 
Barracks at Woolwich, which are about 700 feet long, 
an apparatus of this kind had (in 1849) been two 
years in use. The air-pumps in the latter builduig 
have pistons of 4 feet square and 4 feet stroke, and 
are adjusted to give 4000 cubic feet of air per 
minute as the supply for 1000 men. The driving 
engine is two-horse power, with a slow movement 
of 16 double strokes per minute. The cost of the 
whole was from £300 to £400. 

abnott's WAT££-])RlVjE;N AI&-PUMP. 

Another form of an air-pump was planned by Dr. Arnott 

for the York County Hospital, where 100 patients are 
each supplied with 20 cubic feet of air per minute, or 2O0O 
cubic feet per minute for the whole house. This plan 
is described in the same Beport (1849.) The machine 
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consists of a pump upon the gasometer principle. A ans* 
pended cylinder of thin plate to hold 600 cubic feet, 

is made to move up and down twice 
in a minute — ^is balanced over pul- 
lies by means of a counterpoise w. 
The mouth of the cylinder dips into 
water like a common gas-holder, but 
having an enclosed space above it, 
^> ^7 fi /» BO that it expels its bulk 
of air equally in rising and ftUing. 
The air passes through curtain 
yalTes near d when falling, and 
near h when rising into the entrance 
of the distributing channel d^ f^ h, 
and air simultaneously enters the 
pump at the other side of the cor- 
responding entrance-valTes near c 
and e from the channel o, fj by 
which the pure air approaches the 
pump. The moving power is the 
force of the water descending from 
a tank T near the roof. This water, 
after doing the pumping pmposes, is 
need £>r the general purposes of the house. The water 
acts on the piston of a small water-engine or pump in 
which friction is aToided by its having a mercurial joint 
for the piston, like the water-joint of the^ great air-pump o. 
" The pump is sclf-rcgulating, and opens and shuts its valves 
as needed at the top and bottom of its stroke. Tlic air 
is distributed by channels branching over the liouse and 
tapering as they have less air to carry, so that the warm 
air in winter may not cool by stagnating. A channel 6f 
12 feet square suffices for 'the whole air departing fiom 
the pump through tiie eurtain-TalTes of that area. The 
fiesh air in cold weather is wanned by two 8elf*regulating 
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water-stoves capable of heating about 800 feet of surface 
of water-leayesi such as were used at Bzompton Hospital. 
The open fires in the wards should be supplied with fresh 
air hy direct comnnmicatioii between them and the outside.'* 
This air-pump is favourablj noticed, page 66, bj the Com- 
middion on iJaiTacka and Ilospitals, 1861. 

PAKT V. 

BIFFEBENT MOIiyE FOW£BS. 

Various mechanicai contrivances for ventilation which 
require a moYing force to propel them hare been 
de8<»ibed in this chapter. Steam power has been 
chiefly noticed as the most convenient and the steadiest 
of action, and most to be depended upon as a motive 
power; besides which, the steam-engine is generally 
in use at those places where forced yentilation, whether 
by adaptation of fans, pnmps, or other means on an 
extensive scale, is required. There is, however, no* 
thing to preyent, in some situations, other prime 
movers of machinery being employed for this purpose, 
such as wind, water, horse, manual, and perhaps 
electro-motive power, in order to work fan-blowers or 
other machines for ventilation, as may be regulated 
by circimistances. In certain situations wind may be 
made available for the moving force, and water-power 
in a similar way in other situatiims. It has been 
stated at page 219 of this work, that Dr. Amott has 
ingeniously applied the force of water for pumping 
air for ventilation, and other apphcations of this Ibrce 
could readily be made. A water-fall, although not 
acting as a prime mover of machinery, has been found 
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a convenient fom of effecldng yentiiation to a cer- 
tain extent in coal-mines. An artificial decreaae of 

heat is produced iu the descending column of air by 
means of water. A simple fall of water through 
tiie pumping pit, which is the downcast shafb, has 
a mechanical tendency to drive the air before it.* 
Both horse and maiuuil power are^ sometimes made 
use of for driving mechanical ventilators such as wind- 
^ns; but these can only be received as temporary 
ez^dients, and are not suitable in many points for 
permanent purposes. 

£L£CT£0-MAGN£TISM. 

Electro-magnetism has been brought forward as 
ano^er prime mover of machinery ; but the anticipations 

ibnned as to its utility, wonderful as these electric 
powers are in bringuig ail parts of the world into com- 
munication, have not yet been realized. A patent 
has, however, been obtained for its application as a 
motive power. By this motor, wheels have been made 
to revolve rapidly, but the efficiency of magnetic 
attraction diminishes according to the law of the in- 
verse square of the distances of the smface of the 
magnet and armatm'e, so that whatever the power to 
prevent separation when the two are in contact, their 
medianical tendency to approach eadi other deserves 
little consideration. It is the latter, however, alone, 
that can induce rotation, or become a source of me- 
chanical effect; so that there is in the very source 
of the new power a cause of feebleness over which 
no mechanical ingenuity can ever prevail." (Nichols 

* Par. Bep. 1849» pagieB 115, 171, 284; also Far. Bep. 1854. 
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Cjcl.) A difllculty is thus presented in the appli- 
cation of electro-magnetic power which does not seem 
likely to be soon overcome. 

In the meantime, the uncertainty which attends the 
use of these modve powers, and especially the little 
dependence which can be placed on wind, has led to 
very general and ^tended use of steam-power wherever 
an impelluig forced required to drive machmetry. 

Before concluding this work, as an abstract of 

some of tlie more important subjects treated of may 
be found useful, the following Summary is subjoined. 

So many different oontrivances^ mechanical or other, 
prominently brought forward in recent years to ac- 
complish forced ventilation, have l)een noticcrl, that 
we retrain from describing more. Tliere is suihcient 
to show the great interest which has been taken ui 
this important subject, related as it is with social 
economics, and enough has been said to enable any 
one to judge of the comparative advantages or dis- 
advantages of the various processes proposed, and to 
enable a preference to be given to that which can 
be best applied to the purpose. 
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SUMMARY. 

In regard to general ventilation^ the following con- 
clusions appear to result from the previons inyesti- 

gations : — 

1. That a copious supply of fresh or pure air is 
indispensable for sustaining life; — 

2. That for the renovation of the air the establish- 
ment of a current is at all times necessary, and that 
this cannot be obtained in close places unless a constant 
escape of the vitiated and entrance of fresh air, are 
provided for; — 

3. A slow current may be induced by taking ad- 
vantage of differences in temperature, or by artificial 
means; — 

4. That breathing impure air is nijurioiis to the 
healthy existence not only of the ,human race but of 
the lower animals, for the proper arterialization of 
the blood is dependent upon pure air. Impure air 
is generated in close places by ^ animal respii'ation 
and cutaneous exhalations, by combustion of gas or 
fuel, by putrescent effluvia from annual or vegetable 
matter, by odours from cesspools, closets, or defective 
drains, &c. ; — 

5. That a street, or locality, or tenement, may be 
contaminated bj the vapours ariang from untrapped 
drains communicating immediately with a sewer, or 
from sinks and gullies. Thus a poisonous or fever- 
loaded atmosphere may shed its baneful influence upon 
animal life, and occasion the propagation of disease. 
Effluvia arising from open drains and gaibage and 
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decayed organic emanations and dung*pit8 and un- 
drained dwelling-howses, must all prove injurious to 
health, has been fully proved by the Registrar- 
General's Beports; — 

6. Salubrity of site is aU-important as respects 
health, which is evidenced by the rate of mortaUty 
in different places; — 

7. The air of hilly countries and of the sea-side 
is considered purer and more salnbrious than the air 
of other places. This is su}>pu.sed to arise from the 
atmosphere coutainiug more ozone (one of the two forms 
which the oxygen in the atmosphere assiunes), which 
by quickening the processes of oxidation, so hnportant 
for health, acts beneficially on the human system. In 
many large towns the great amount of carbonic, sul- 
phuronsy and other gases, produced by combustion^ is 
detrimental to health ; — 

8. Yaiious analytical processes have been proposed 
for detecting atmospheric impurities. A very deUcate 
test is required. Dr. Angus Smith* has used perman- 
ganate of potash successfully, and it has been applied 
at various places, so as to beai' upon the discovery of 
the hidden sources and finest shades of contamination. 
He has shown that the air in a crowded railway car- 
riage is as impure as the effluvia from a sewer; — 

9. The great mortality arising from diseases of the 
respiratory organs dkects attention to the question how 
far these may be influenced or even greatly aggravated 
by impure air. Statistics have shown the fact that by * 
consumption (phthisis), bronchitis, and pneumonia, 

* A valuable paper " On the Air of Towns" has been published 
by him recently in the " Quarterly Journal of the Chemical Society." 
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100,000 die everj jear in England alone, bdng one- 
fourth of the entire mortality — 

10. That the young suflfer from impure air, and 
that the seeds of disease are laid hj living in the 
close i11*ai]!ed localities of dties and other places;—- 
that the life of many an artisan is shortened from 
carrying on his daily employment in impure air, in 
addition to the aggravation from the employment 
itself. Dres&>ma]cers, milliners^ tailors, shoemakers, 
printers, workers in factories, miners aud uthei'S, may 
he mentioned in illustration of thisj and Mr. Chadwick 
has shown that amongst the working classes habits of 
intemperance are increased by their being compelled 
to work in a close and confined atmosphere : hence 
excess in strong drink becomes an additional cause 
of disease ; — 

11. In ordinary domestic dwellmgs, advantage should 
as much as possible be taken of the natural move- 
ments of the atmosphere by the use of doors and win- 
dows, to aid in the expulsion of the vitiated air, and 
to effect a renovation of it within the apartment — 
and in summer as well as winter the common fue-place 
becomes a useful auxiliary, though an imperfect one> 
unless combined with other means. 

12. That where artificial atmosplieres are required, 
the heating medium to be employed is a matter of 
importance. That stoves of all kinds, which do not 
provide against the entire separation of the products 
of combustion from the air ^vhich. they heat, are gene- 
rators of poisonous gases; — and that stoves m which 
there exists the liability of overheating the air, and 

B e 
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roasting the particles of matter floating in it, ai^ 

pernicious to health ; — 

13. That in crowded apartments^ spontaneous or 
natural ventilation cannot be reHed on ; — ^and in many 
cirentnstances no thorough ventilation can be obtained 
unless tbrced ventilation is applied; — 

14. Although much difference of opinion exists as 
to whether an ascending or a descending removal of 
vitiated air is the best method to adopt, still, as the 
ascending movement of the air is the natural one, 
advantage should be taken of it to remove impure air 
as it is generated; — 

15. That of the many artificial coiitri\ imces the 
choice must be limited in most instances to a process 
which does not require a motive power to drive it ; — 

16. Of the modes which require little attention 
in management, or where no motive power exists, 
forced ventilation may be obtained, and an uniform cur- 
rent by rarefaction created, by the heat of wat^ or 
of steam. The same or even a more powerfol effect is 
produced by the steam-jet; — and these means avoid 
the products of combustion being mixed with the ven* 
talflting current ; — ^bnt in the application, care must 
be exercised to adopt a safe and proper position for the 
apparatus ; — * 

17. That open fires or gas-heat at the roois ot 
buildings can be applied to effect this piu^ose ; but 
by these the lisk is hicnrred of the products of com- 

* Plates IV. y. and YL well illustrate the positionfl in which 
the ventQating apparatus may be placed. In such a central 
one as is diown in Plate V. fig. 1, page 170 (also in fig. 24, 
p. 182), care must be taken to provide that no risk can arise 
from the derangement of the apparatus. 
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bustion b^g refluxed into the apartm^at, and being 

inhaled ; — 

18. That all artMcial plans, such as smoke-pipes 
placed in ventilating conduits, and other contriTances, 
which run the risk of sending impure gases mto houses, 
are pernicious and should be avoided, because they 
aie in principle objectionable, and frustrate the object 
of removing the vitiated air; — 

19. Any method having a tendency to send back 
or return the exlialed air ihUj au apartment is perni- 
cious in principle ; hence the sending of fresh air into 
a room i&om the ceiUng mixed with the products of 
respiration is injurious to health; — 

20. Where a motor exists, such as steam-power or 
water-power, at a factory, =^ a public building, a mine, 
or in a steam-ship, the £an-blower and screw present 
simple and readily available agents to produce a 
determinate movement of the air which can be easily 
regulated and applied advantageously both for impel- 
ling air inwards or extracting it outwards ; — ^the wind- 
fan has been applied to the ventilation of coal-mines 
both in Belgium and in England; and in the latter 
Biram's patent fan has also been used. 

21. More attention should be bestowed upon the 
ventilation of ships and steamers carrying passengers 
than has hitherto been the case. Much attention was 
paid to this subject many years ago by Sutton and 
Hales, and more recently by Reid and others; — ^but 
the subject does not seem to receive the consideratiun 
it deserves, for the old wind-sail appears to be the gene- 
ral plan still in use for the ventilation of ships^ and even 

* All Essay on FucLory Veiitiiatiou by the author is noticed 
at page 39 of this \vork.. 
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of Bteaia<vefl8el8» notwithstanciiDg that they bo veadUy 
admit of a systematic process of ventalation ; — 

22. In coal-iiiiiies, where the importance of ven- 
tilation cannot be over-estimated, several mechanical 
and artificial c<nitriTaiice8 deserving of attention have 
been described. These have akeady been brought mider 
public notice with the laudable motive of trying to 
obviate the risk of the explosion of inflammable gas 
(carbiiretted hydrogen) in fiery mines,* the danger from 
such explosions being increased (as stated in the 
evidence ^ven before Parliamentary Committees in 
1835, 1849, 1854, &c.) by the use of open fires or 
naked lights placed at the bottom of the upcast shaft 
which are so generally used for the ventilation of coal- 
mines. This led to the introduction of the " dumb- 
diift " so as to convey the retum-air over the 
fiimace. At page 126 of this work, the importance 
of ventilating coal-mines by means of two shafts has 
been fully described. The late Mr. G. Stephenson re- 
commended and adopted two shales in preference to one 
large one divided by brattices, or partitions. The 
evidence laid before Failiuiiieutary Committees was 
to the same effect, and there can be little doubt that 
the consequences of the dreadful accident firom the 
brattice being accidentally destroyed at Hartley Col- 
liery in January 1862 would have been prevented 
had there been two shafts, an up and a downcast 
one, to the mine* 

28. In the evidence given before a Committee of 

* Another aocident has occurred, February 1862 (innce these 
pages were wrilteu), at Merthyr Tydvil, by which 50 lives have 
been sacrificed. 
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the House of Commons in 1854, the value of the steam- 
jet is fully established from its application to several 
coal-pits, more especially at that time to one at Seaton 
Delayal. The Committee of 1852 reported in its favour; 
but the Committee of 1854, in their fourth Report, 
while admitting that uuod ventilation was produced 
by the steam-jet, reported that the preponderance of 
evidence was in favour of the furnace; — 

24. Of the many mechanical contrivances the same 
Committee of 1854, while wishing to avoid enforcing 
any particular system of ventilation, were favourably 
impressed with the value of Struv^'s machine, especially 
m shallow pits and level collieries/' which had been 
materially improved since it was brought to the notice 
of the Conunittee of the House of Lords in 1849.* 

25. Besides Struv^'s exhausting apparatus for the 
ventilation of mines, Brunton's revolving centrifiigal 
drum was tried m 1849 at the Geliy Gaer colliery, and 
the experiments made with it were considered satis- 
&ctory. These machines require a driving force to 
work them, but plans have been proposed to avoid 
the risk of accidents in coal-minei^ tiom the use of 
the fiimace, by rarefying the air in the upcast shaft 
by means of bot-water or steam-pipes (described in 
these pages, p. 174) ; — 

20. That the whole system of mining ventilation 
requires the exercise of constant vigilance there can 

* D. Landale, Esq., minixig-engineer, Edinburgh, in his evi- 
dence given before the Ck>mnions Committee (Beport, p. 11) in 
1854, says — ** In Scoibind we have veiy litde fire-damp in the coal- 
mines, and where It exists, the fimiaoe is resorted to;*' where 

it does not, natural ventilation, he states, is found to be siifficnent. 



Digitized by Google 



230 



SUlOiABY. 



be no doubt, and every encouragement should be given 

to judicious inventions or propositions made for im- 
provement by which an employment carried on in a 
dose, wann, and humid atmosphere, where carbonic acid, 
.carburetted hydrogen, and other mephidc gases, edst, 
may be rendered mure salubrious, and accidents by 
explosions and choke-damp prevented, by which so de- 
plorable a waste of human life arises. The Select Com- 
mittee of the House of Commons, m their fourth Eeport, 
June 1854, recommend " that no colliery should be 
without some artificial means of ventilation ; " — 

27. The question of hospital, poor-house, and asylum 
ventOation has been considered ; and it does not appear 
to have made much advancement on a systematic 
plan ; — 

28. Prison ventilation has received great consider- 
ation, as the numerous Parliamentary Beports show. 

But the change of arrangements indicates an inde- 
cision which is singular ; for sometimes fresh air may 
be seen entering at the top of the cell and some- 
times at the bottom; — 

29. Barrack ventilation, and hospitals cumiected 
therewith, from their reputed unhealthiness, have re- 
cently drawn much public attention towards them, and 
the lately published able Reports show that the subject 
is receiving careful investigation and consideration; — 

30. In lunatic asylums great improvements on 
ventilation have been adopted and recommended in 
recent IJeports. Still so nmcli uncertainty surrounds 
this subject, that by some open fii'cs are adopted, and 
whilst one authority advocates pmiously heating the 
air and throwing it into wards and corridors, and 



■ 
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allowing the rooms to draw air from tbe oorridorB, 
anotber would convey the warm or cold air direct into 

a room or a cell, while many condemn as unscientific 
and insalubrious the plan of wanning and depriving 
tbe air of its elasticity and density before it is ad- 
mitted into the building. Some think that the heating 
media should be placed where the heat is wanted, 
while others admit fresh air at the ceiling, and draw 
it off at the floor. Some draw the exhaled air down, 
cmisiiig the liability of its being re-inhaled, while others 
more prudently draw it upwards, giving a constant 
supply of fresh air below ; — 

31. The great amount of oxygen abstracted from 
the air by the respiration of animals points out the 
necessity of providing good ventilation in stables and 
cattle-houses; — ^the common disease of pleuro-pneumonia 
amongst cattle must be influenced to a great extent 
by vitiated air; — ^much neglect and uncertainty, how- 
ever, prevails as to the ventilation of these buildings. 
The subject requires great attention; — 

32. Many additional applications of ventilation might 
have been noticed in these pages, but the object has 
been not to unduly extend this volume, such as the 
ventilation of light-houses, drains, &c. The ventila- 

• tion of railway and other carnages has been alluded 
to at page 203. 

33. From the various plans and contrivances which 
have been described, the public has an opportunity of 
understanding the real question at issue, and judging 
for themselves not only as to the effect of ventilation, 
the consequence of its being neglected, and the mis- 
application of this hackneyed word, but as to the negli- 
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gence that has long existed and still exists in having 
a proper and thorough system of ventilation incor* 

porated with the structure of fi building where many 
people are crowded together in close apartments. In- 
stead of which| how fireqnentlj is it foftoid that openings 
are made in ihe ceiling of an apartment, or that roof 
air-escapes are placed on a building in the expecta- 
tion that the vitiated air will escape, into the external 
atmosphm; — ^whereas a direct blow-down current of 
cold air, to the annoyance of all within its range, is fre- 
quently the result, but it has been siiown (p. 99) that 
the principle of such a mode is erroneous. The great 
advance which practical science has made ance phy- 
sical principles in modern times liuvu become so gene- 
rally recognised, calls for attention to a systematic 
airangement being made in the construction of every 
bmlding, whereby a pure supply of atmospheric air 
may be provided, regulated in temperature, and with- 
out annoyance to those in it 

It is to be hoped that this contribution to the 
science of ventilation, will tend to advance general in- 
formation on the subject, and give more correct ideas 
upon matters on which so much dubiety exists, and 
lead to more enlightened views by which comfort and . 
health may be promoted. 

FINIS. 
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